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effluent problems, recover HCl... 








the AM AN process 


hydrolyses chlorides to HCI and oxides 


If you use Hydrochloric Acid for pickling, metal cxtraction or other 
processes giving a metal chloride liquor, then you will find that the 
Aman Patented Process will save you time and money. In pickling, for 
instance, acid consumption may be cut by over 90%. The recovered acid 
contains up to 33% HCl ready for re-use; dry, free-flowing iron-oxide 
being the by-product. 

Plants may be located in the open, with coverings for burners, etc. 
Waste heat recovery can also be incorporated. Our technical advisory staff 
will supply you with all the details: a pilot plant is available to test 
your own liquors. 

The Aman Patented Process is made under licence by 
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Chemonuclear Reactor Design Study 
EFORE the commercial exploitation of ionising radia- 
tion for accelerating chemical processes becomes a 
practical proposition, complete investigations under indus- 
trial conditions in a chemonuclear reactor will be essential 
to resolve many unknown factors. Preliminary studies 
undertaken by Atomics International* on a chemonuclear 
reactor suitable for such pilot studies suggest that a | Mwt 
dual-flow organic liquid cooled reactor, based on a modi- 
fication of the Piqua organic moderated reactor, offers 
promise. It is estimated that about 3.47, or 34 kW, of 
the total radiation would be available in the chemical 
process stream. In the basic chemonuclear reactor design, 
(which would need modification to suit particular chemical 
reactions), the chemical process stream to be irradiated 
flows downward, after preheating to approximately the 
temperature of the reactor coolant, through the centre 
tube and around the outer tube of each fuel cell. The 
chemical does not contact the fuel cladding. The organic 
liquid coolent—diphenyl or a mixture of polyphenyls—is 
circulated through the reactor through a separate piping 
system and is cooled in a steam generator. 
The total cost of radiation, at 0.9 capacity, for the pro- 
jected chemonuclear reactor is estimated as follows: 


Fixed charges 0.52 dollars per kWh 
Fuel cost 0.10 “ - % 
Operating and maintenance 0.29 

Total: 0.91 
Process steam credit 0.05 


0.86 - o 


” 





This is appreciably lower than the costs for electron 
accelerator machines, Co-60, and Cs-137 sources of 
approximately the same power (30 kW) reported in recent 
radiation application surveys (1.49-1.59, 190-2.63 and 
2.15-3.58 dollars per kWh respectively). 

Typical reactions suggested for possible study are the 
polymerisation of ethylene, the reaction of benzene and 
water to form phenol, and the irradiation of methanol to 
produce ethylene glycol. 

* Chemical Engineering Progress, October, 1960, p.72 


Shock Waves Aid Chemical Research 
7,000 m ph Heating Process 
HE shock tube technique which by means of shock 
waves travelling at speeds up to 7000 miles an 
hour, will heat gas molecules to thousands of degrees in 
millionths of a second, is a technique which has been used 
by scientists at the Shell Laboratories, Emeryville, to 
answer a number of important questions concerning very 
rapid gas reactions at high temperature and pressure. 
One problem is that mixing, heating and cooling, tend 
to obscure the true results of a chemical reaction performed 
in conventional apparatus ; thus, when a gas A reacts with 
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another gas B a small amount of gas C and a large amount 
of gas D may be formed. The quantities of C may be so 
minute that the conclusion might be drawn that the result 
of the reaction is the formation of D, when what may have 
happened is that in the relatively long time required to 
heat these materials to say 5000 degrees centigrade, and 
then cool them, a large amount of D is formed—even 
though C may be the major product at 5000 degrees. The 
answer is to make the heating and cooling times as close 
to nothing as possible. 

The shock tube used by Shell is a two-compartment 
18-ft length of 6-in. steel pipe with one end connected to 
a 3 ft diam steel vacuum chamber and the other, the 
higher pressure section, is closed, the two being separated 
by an aluminium disc. The high pressure section is filled 
with a light, inert gas, preferably helium, and another 
aluminium disc subdivides this section into two, one for 
the reaction section of the tube which contains the gases 
under study. 

To start the reaction, the disc separating the high pres- 
sure chamber from the reaction chamber is ruptured by an 
electric discharge, thereby causing a shock wave to travel 
through the gases in the reaction chamber. As a result, 
gas molecules in the wave path are raised thousands of 
degrees in temperature within an interval of time of the 
order of a few millionths of a second. 

A second discharge, electronically triggered at a pre- 
determined time by the first one, breaks the disc at the 
vacuum chamber: The light or driver gas is evacuated and 
the reaction products are cooled very rapidly and left in 
much their condition at the maximum temperature, ready 
for chemical analysis. 

The successful des:gn and fabrication of the metal discs 
were engineering feats because the discs must rupture 
in exactly the same way for each operation. In order to 
ensure that this happens each disc has embossed on it a 
circle divided into six equal parts, the depth of the 
embossing determining when it will rupture. 


The Electric Arc for Chemical Syntheses 
O this same field of high-temperature high-pressure 
reactions belongs the electric arc heater which, in its 
latest form, is capable of producing temperatures in the 
region of 12,500°C and pressures of 15,000 psi over sus- 
tained periods and without the disadvantage of product 
contamination which has attended previous efforts of this 
kind. 

The latest development not only offers a new route to 
the fixation of nitrogen but it also holds promise of wide 
application in the processing of petrochemicals. A proto- 
type designed by the Westinghouse Electric Corporation 
has been operated at a power input of 1700 kW but a 
ceiling power input of 30,000 kW is being planned. With 
the prototype temperatures as high as 5700° C have been 
reached and maintained and a gas velocity of 3400 mph 
has been attained; velocities ten times greater than the 








speed of sound are expected when the gases are expanded 
through a hypersonic exhaust nozzle. 

An outstanding feature of the performance is the low 
level of contamination which is in sharp distinction with 
other arc devices which, through consumption of electrodes 
and the walls of the containing chamber, have led to a level 
of contamination amounting to as much as 10 per cent of 
the mass of gas flowing through the apparatus. The 
Westinghouse unit provides a contamination level not in 
excess of 0.2 per cent although this is not considered to be 
the limit of its performance in this respect. 

The success of the new machine is attributed to the 
design of the two electrodes which form the terminals for 
the arc. Each consists of a hollow doughnut-shaped ring 
placed horizontally, one directly above the other, with 
water pumped through the hollow rings for cooling. 

The arc is started by drawing it across the gap between 
the two rings, and is then rotated around the gap at high 
speed. 

Arc rotation is accomplished by a magnetic field set up 
by d-c coils arranged around the outside of the heat cham- 
ber, which with water-cooling, conserves the electrodes, 
and, indeed, repeated tests have left the electrodes un- 
damaged, indicating a lack of contamination from this 
source. 

The working fluid, such as air or nitrogen, enters the 
arc chamber and passes into the arc through openings near 
a water-cooled copper heat shield. This water-cooled heat 
shield, which can withstand arc temperatures well above 
10,000°F. without eroding, protects the walls of the arc 
chamber. After leaving the arc, the fluid passes through 
a water-cooled nozzle. 

Designed to accommodate a 1.2 Ib/sec flow of either 
air or nitrogen, the prototype arc heater can supply gas at 
1500 Ib psi with a constant enthalpy of more than 2000 
Btu/Ib for as long as 10 minutes without damage or 
measureable gas contamination, with a 50 per cent plus 
efficiency of heat transfer to the gas. So far, the highest 
pressure at which tests have been conducted is 730 Ib psi. 
Other tests with a power input of 549 volts and 5046 amps 
(9450 kW/lIb/sec) have raised the enthalpy air passing 
through the chamber to 4670 Btu/ Ib. 

Westinghouse expect within the next two years to have 
a full scale version of the prototype available. 


Continuous Measurement of Liquid Density 
using a Radioactivity Gauge 
| ENSITY changes in liquids, solids and slurries may be 
measured and recorded without any contact with the 
material under inspection. This method has been developed 
by Saunders-Roe & Nuclear Enterprises Ltd. who recently 
demonstrated their Density Gauge type 336 (illustrated). 
Basically the system consists of a Caesium 137 source 
“looking through” the inspection volume (normally a 
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pipe of between 4 in. to 10 in. diameter) at a plastic phos- 
phor mounted on a photomultiplier. The amount of 
radiation which reaches the detector is dependent on the 
density of the material in the process. 

“ Stopping power ™ of this system is of the order of 30 
times greater than that of an ionisation chamber and hence 
with similar sources the sensitivity is much better. 

The photomultiplier is arranged to give a signal which 
is monitored by a recorder. This is arranged to have a 
suppressed zero, so that the required variations in density 
are covered by the recorder scale. 

A complete automatic standardisation system is incorpor- 
ated. The measuring source is “switched off” and a 
calibrating source “ switched on™ for one min at 10 min 
intervals. This calibration source, which is mounted in a 
known and constant relationship to the scintillation 
counter, produces a fixed dose rate at the counter which 
automatically compensates for decay in the measuring 
source. 

The signal produced by this dose rate is then fed into 
the recorder and the overall Wheatstone bridge sensitivity 
(i.e. both zero suppression and span) adjusted automatically 
so that this dose rate corresponds to a fixed position on 
the scale and the span represents a fixed fraction of the 
dose rate. 

Overall calibration of the system is in terms of a standard 
dose rate and is independent of E.H.T. and temperature 
variation. In the standard model the interval between 
calibrations is 10 min, the time of calibration | min and 
the response time 10 sec. 

Many uses for such gauges in the Chemical Industry are 
immediately apparent and it will be interesting to see if 
they prove to be cheaper than existing equipment. 


Separating Volatile Liquid Mixtures by 
Continuous Gas-Liquid Chromatography 


NEW process for the separation of “ difficult * volatile 
L liquid mixtures has been successfully applied on an 
experimental scale by P. E. BARKER and D. CritcHer* of 
the Department of Chemical Engineering, University of 
Birmingham. Fundamentally an extractive distillation pro- 
cess, they describe it as a countercurrent analogue of 
gas-liquid chromatography. In principle, a solid contain- 
ing an absorbed solvent is allowed to flow down a column 
countercurrently to a stream of gas, the liquid mixture to 
be separated being injected continuously at the midpoint 
of the column. The method depends on the components 
distributing themselves differently between the two phases. 
Thus one component is carried upward in the gas stream 
and the other downward absorbed in the non volatile 
liquid. 

For the purpose of proving the method, a mixture of 
benzene (b.p. 80.1°C) and cyclohexane (b.p. 80.7°C) has 
been successfully separated at a rate of 30 cm*/hr in a 
| in. diameter column 4 ft long. In this column the non- 
volatile solvent, polyoxyethylene 400 di-ricinoleate, ab- 
sorbed on 10/20 mesh kieselguhr, was arranged to flow at 
a controllable rate countercurrently to a stream of slightly 
pressurised dried and preheated air. The more strongly 
absorbed component carried down in the liquid phase was 
removed from the column by an excess of air in a strip- 
ping section below the rectification column. The less 
strongly absorbed component was carried upwards in the 
airstream. Both streams were passed through cold traps to 
condense out the separated products. Complete separation 
was achieved over a wide range of operating conditions. 


* Chemical Engineering Science, October 1960, p.82 
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GAPMETER DEVELOPMENT 


SMALL GAPMETERS LARGE GAPMETERS SHUNT GAPMETERS 
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The Gapmeter is a direct-reading variable-area flow- 
meter for liquids and gases. The well-known com- 
bination of vertical tapered tube and friction-free 
indicating float is used but the criteria of small size, 
low price and safety are given major importance. 
The designs use the minimum possible number of 
components, all completely interchangeable and all 
made from bar stock. Clear, steady flow readings 
are provided having a degree of accuracy adequate 
for all but the most stringent test work. 





ILLUSTRATIONS ARE APPROXIMATELY 
ONE THIRD ACTUAL SIZE 


THE FLO-SCAN 








The immediate success of the Small Gapmeters, (pipe 
sizes { in., 4 in. and ? in.). has led to the develop- 
ment still retaining the original design criteria 
of the Large Gapmeter series for pipe sizes 4 in.. 
} in. and 1 in. 
In the Large Gapmeter. the tapered metering tube is of metal or 
resin-glass laminate. The float has an extension with an indicat- 
ing bution visible in the sight tube below. 
For pipes larger than | in. the Gapmeter design criteria can only 
be maintained by measuring an accurate fraction of the main flow. 
The Shunt Gapmeter uses an orifice plate to shunt less than 1 per 
cent. of the main flow through a Small Gapmeter in a by pass line. 








The Flo-scan is a flow operated alarm switch designed for use with 
Gapmeters. A small lamp housing and a photo transistor are 
located on opposite sides of the Gapmeter glass tube. and the alarm 
is operated when the indicator float or button of the Gapmeter 
interrupts the light beam: this ensures failure to safety. 

Please write or telephone for further information 


G. A. PLATON LTD. - FLOW CONTROL 


323a, WHITEHORSE ROAD : CROYDON : SURREY 
Telephone : THOrnton Heath 4948 Telegrams : GAPMETER Croydon 
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Graduate Plastic Programme Fellow- 
ships at Princeton University 
OLDERS of a Bachelor's degree in engineering 
or physical science may apply for a fellowship 
to study and do fundamental research in plastics, 
leading to the degree of Master of Science in 
Engineering. 

Instruction covers basic theory and properties, 
evaluation, production, fabrication, design and appli- 
cation of materials, as well as chemistry of plastics 
Programme includes lecture and laboratory classes, 
and contact with industrial plants representing 
various interests of the plastics industry. 

Stipends plus tuition and fees are paid to Fellow- 
ship holders and opportunities for employment as 
half-time Research Assistants are available to 
students not on fellowships. Further information and 
application forms from Prof. Louis F. Raum, Dir- 
ector, Plastics Laboratory, Princeton University, 
Princeton, N.J. 











Regeneration of Pickle Liquor 

ULPHURIC acid regeneration from spent pickle liquor 
) at acost of under 19 dollars a ton on a 100°). basis— 
taking no account of credit for recovered iron oxide—is 
made possible by a new vacuum process developed by 
Singmaster and Breyer of New York. If credit for re- 
covered iron oxide is allowed, this cost would reduce to 
less than 15 dollars a ton. Comparative costs for other 
processes are 29 dollars a ton for the spray-evaporator 
process and 33.20 dollars a ton for the Ruthner sulphate- 
chloride process. 

The Singmaster and Breyer process comprises essentially 
three steps: (1) concentration of pickle liquor and the 
resultant crystallisation of ferrous sulphate monohydrate in 
a multiple-effect evaporator; (2) roasting of ferrous sul- 
phate monohydrate in a multi-hearth furnace under con- 
ditions such that substantially no SO, is generated; and 
(3) generation of 98%. sulphuric acid in a contact acid 
plant. Advantages claimed for the process are as follows. 
Fumes are automatically absorbed by the steam jet which 
is used to generate vacuum. The process operating tem- 
perature is low, and therefore relatively inexpensive mat- 
erials can be used for the plant. Thermal economy is 
enhanced by utilising the heat of dilution of 98°, sulphuric 
acid in the second evaporator. The use of an evaporative 
crystalliser ensures proper crystal size and shape, readily 
filterable and washable. By adding small quantities of 
sulphur-bearing material during roasting, the combination 
of pickling plant and regeneration plant is completely self 
contained as regards acid requirements. 


Sulphur Special issuc 1960, p.16 


Control of Single-Effect Evaporators 


LTHOUGH the dynamic characteristics of distillation 
f column reboilers have been treated in the literature, 
until last month the similar topic of the unsteady behaviour 
of a vacuum evaporator was apparently a totally neglected 
topic. The investigation referred to*, centered around the 
control of a single-effect, internal-calandria (1520 sq ft 
surface) natural-circulation evaporator, and consisted of 
three parts, theoretical and experimental studies of its 
control characteristics and an analogue computer analysis 
of alternative control systems suggested during the course 
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of the first two parts of the work. In the first part, from 
heat and mass balances, equations are obtained which 
show that pan level depends upon product density and that 
the response of the product flow depends both on product 
density and on pan level. 

In the experimental work an evaporating pan, equipped 
with one principle and three subsidiary control loops, had 
the former (for regulating feed flow according to concen- 
tration as determined from b.p.r.) disconnected and instead 
connected to a sine-wave generator. 

The work carried out with this set-up showed that the 
theory giving the response of pan level and of product 
density and flow, to disturbances in steam flow and in 
feed flow density and temperature, gave results which were 
in fair agreement with those observed experimentally. 

The analogue study of alternative control systems shows 
that, in systems with a density-control loop, of which the 
main arrangements are, 

(I) Level-control by regulation of product flow, and 
control by regulation of (a) feed flow, or (b) steam 
flow, and 
Level-control by regulation of feed flow, and 
density-control by regulation of (a) product flow, 
or (b) steam flow, 
with the exception of (IIb) which was not tested, all give 
satisfactory control but (Ila) gives a faster product den- 
sity and flow response than sytems (I), but exhibits inter- 
action which the other systems do not. 


* “The control of a singile-effect concentrating evaporator. J. A. Andersen, 
LWA Glarson, F. P. Lees. Paper read to Soc. Inst. Tech. London, Nov. 17.” 


(II) 


Siemens Gas-producer 


N January 22, a century ago, that versatile inventor 
Sik WILLIAM SIEMENS patented his regenerative gas 
furnace, a sequel to his introduction of the regenerative 
principle in which the combustion gases from solid fuel 
impinged on “an extended surface of brickwork, the 
bricks in one wall being opposite to openings in the other, 
thus forming what is called open Flemish bond.” Siemens 
was to become perpetuated in the “ Siemens-Martin ~ 
open-hearth steel furnace after the MARTIN brothers in 
France had been granted a licence to include the regenera 
tive principle at their Sireuil works. Yet on this centenary 
emphasis should be laid on the fact that the regenerative 
gas-furnace was invaluable apart from metallurgical 
industries. The inventor foresaw the use of heating gases 
for chemical works, the gases being cleansed to avoid 
contamination by sulphur as happened when using solid 
fuels. 

From his experience in working his * Flemish bond ™ 
regenerative furnaces Siemens went on to his gas-producer, 
and to his specifying “ the pre-heating of gaseous fuel prior 
to its entering into combustion.” He showed how inferior 
fuels and poor quality gas could be used with advantage 
when gases were pre-heated. So successful were his dem- 
onstrations that one manufacturer on seeing a Siemens 
furnace working maintained that some surreptitious heating 
was being used as addition, for it seemed hardly possible 
that such relatively small amounts of fuel could attain 
such high temperatures. The manufacturer waited through- 
out one night hoping to see the fraud exposed. While 
FREDERICK SIEMENS, brother to Kart WILHELM or 
WILLIAM, used a first experimental gas furnace at the well- 
known Siemens-Halske works in Berlin, it was in British 
works that the regenerative gas-furnace came to large-scale 
application from 1861. One was tried at the Birmingham 
flint-glass works of Lloyd and Summerfield, a sezond at 
Mexborough, while at the Chance and Hunt works in 
Smethwick came the final proof with Farapay describing 
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his study of this example in his last lecture to the Royal 
Institution. Further demonstration of the Siemens gas- 
producer came with an award at the International Exhibi- 
tion in 1862, with a further award for the “ Siemens Four 
a Gaz a Chaleur Regénérée~ at a Paris exhibition, and 
with a paper on the invention read before the British 
Association in 1865. Though in the * Phil. Trans.” of 1798 
the Admiralty chemist JAMes SapieR had suggested a 
furnace using pre-heated air for combustion, only when 
Siemens put pre-heating into practice along with his re- 
generative brickwork and producer-gas did theory become 
applied on a large scale. 


Boundary Layer Theory Applied to 
Air Dryer Design 


OR drying continuous web-material, an air dryer has 
been developed recently in America which, it is 
claimed by the designer, Mr. T. A. GARDNER of Pulp and 
Paper Engineering, Marathon (a division of the American 
Can Company), has two to three times the drying capacity 
of a conventional air dryer. It has the additional advantage 
that the jet force acting on the web is considerably less, and 
therefore high drying rates can be achieved without dis 
astrous effects on the web surface. 

The conventional air dryer, in which air is supplied at a 
high velocity parallel to the surface, invariably operates at 
high Reynolds numbers where the boundary layer is mainly 
turbulent, and theory suggests that heat transfer may be 
expected to increase with the 0.8 power of the velocity. 
Drying rates are thus limited by operating power costs- 
since fan horsepower increases approximately as the square 
of the velocity-—and by the possibility of surface damage 
if air velocity is increased unduly 

The Gardner dryer, on the other hand, is designed to 
operate at low Reynolds number with a thin laminar 
boundary layer, under which conditions the heat transfer 
coefficient is proportional to the square root of air velocity 
divided by continuum length. A typical Gardner dryer has 
a series of nozzles directing air normal to the web surface 
and extending over the width of the web, spaced at } in. to 
| in. centres and mounted # in. to | in. above the surface. 
The nozzle orifice is less than 0.025 in. Air velocity at the 
orifice is 10,000-20,000 ft/min. Since the volume of air 
from the very narrow orifices is small, power required is 
not excessive and the kinetic energy of the jets is low. 
The characteristic length of the continuum is half the 
distance between jets. The resulting flow on the surface 
approximates to that of a theoretical flat plate but deviates 
from pure theory in such a way as to augment heat transfer. 
The theoretical heat transfer coefficient is about 40 
Btu ft’ hr. deg F, whereas in practice it is believed that 
a figure of about 55 Btu/ft® hr. deg F is achieved. 


Precise Separation of Solids 


N these days of perpetual innovation few types of equip- 
ment can be expected to hold an unchallenged position 

in a particular field over an extended period. In the field 
of filtration, for example. sintered metal and ceramic 
plates and cartridges which have held an important place 
for many years now have to meet competition from newer 
types of clarifying equipment, one of the most recent 
being a multi-rod system wherein the clearance between 
bars provides the filtering space. The rods are ranged in 
disc-like circular layers, each layer having 12 straining 
edges. Compared with a gauze strainer of the same size 
units constructed in this way have a free area which is 
six times greater than that of the gauze unit and compared 
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with sintered metal filters the free area is also much 
greater. Mechanically ths new design is exceptionally 
robust and can be constructed in any of the usual materials 
of construction. For this reason it is suitable for the strain- 
ing of liquid metals such as liquid sodium in high-tem- 
perature heat-transfer circuits. The nature of the design 
also provides a close control over the size of particle 
separated which it allows to pass through. The minimum 
size of particle retained is approximately 2 microns. 

The accompanying diagram shows an arrangement of 
filters of this type for continuous operation. The liquid to 
be treated is fed at the point “ Main End ™ so that sediment 
is retained at the surface of the “IN™ channels. When 
the resistance to flow becomes excessive valves A and E 
are closed and valves D and B opened. The cleaning fluid 
then discharges the solids through point B. Dirt introduced 
into the system from valve D is also retained at the sur- 
faces of the “IN ™ channels for D from where it may be 
removed by opening valves A and C. 


Inert Gas lon Pumping 

LTHOUGH practical use is made of the phenomenon 
l of gas pumping at the walls of discharge tubes in many 
electronic devices and in ultra-high-vacuum systems, little 
is yet known of the processes by which gas molecules are 
held in the glass. To throw some light on the mechanism 
of the process. G. Carter and J. H. Leck* of Liverpool 
University have recently investigated the sorption of inert 
gases at the glass walls of an ion pump, devoting their 
observations particularly to the release of the sorbed gas 
rather than the previous sorption. 

The glass bulb of either a Bayard-Alpert ionisation 
gauge or a simple tube of diode construction, with an open 
grid type of electron collector and an axial filament, was 
used as the test surface. The glass was bombarded with 
positive ions having energies ranging up to 1000 eV. All 
the gas taken up during the bombardment was subsequently 
removed by baking up to 350°C. 

The investigators found that (a) the sorbed gas could 
he recovered from the glass, section by section, by local- 
ising the heating with a fine gas flame; (b) there was no 
take-up of gas when there was no discharge, even with the 
filament hot ; (c) when the walls acquired a positive poten- 
tial both the rate of gas take-up and the maximum quantity 
sorbed are reduced very considerably ; (d) the sorption de 
pends critically on the energy of the ions striking the walls. 
These observations were all consistent with a mechanism 
where gas molecules are held just under the glass surface, 
and desorb by what is effectively a single activated jump. 
The desorption energy was found to be spread through 
the range 20 50 K.cal/mole — values not inconsistent 
with the few available measurements of the diffusion of 
inert gases through glass. 

* AVS 


October 1960, Liverpool University 
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BLOCK \ 
HEAT 
HXCHANGERS 
offer you... 


compactness, robustness, easy maintenance and 





extreme flexibility (variety of header 
designs and materials allows units to be 
easily adapted to alternative pass 
arrangements and different processes). 
High thermal conductivity under 


corrosive conditions. 
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Chemical Engineering at the 
University of Nottingham 


Preliminary Announcement 
=" Department of Chemical Engineering will 
accept undergraduate students from 1961-62 
The course will last for four years 
Bachelor of 


session onwards. 
and lead to the Honours Degree of 
Science. 

Admission. Candidates must be qualified for 
Matriculation in accordance with the regulations 
summarized in the pamphlet Information for Appli- 
cants, and will be required to have passed the General 
Certificate of Education or an equivalent examina- 
tion at Advanced Level in Chemistry, Physics, and 
Pure-and-applied Mathematics (or Pure Mathe- 
matics and Applied Mathematics). There will be no 
Intermediate Examination course. 

Full particulars of the syllabus will appear in the 
Prospectus of the Faculty of Applied Science for 
1961-62. Lady Trent Professor: R. EpGeEwortu 
JOHNSTONE, B.Sc. Tech. (Manc.), D.Sc. (London) 
M.1. Chem. E., F.R.IC. 











Aluminium Chloride for Heat Transfer? 


ECAUSE gaseous aluminium chloride exists as a 
monomer AICI, at high temperatures and as a dimer 
AlCl, at low temperatures, it may have interesting pos- 
sibilities as a heat transfer medium and as a working fluid 
for gas turbines. At temperatures at which there is an 
appreciable fraction of both monomer and polymer, the 
effective specific heat and thermal conductivity are con- 
siderably enhanced as a result of the association equilibrium 
conditions. As a thermodynamic working cycle fluid, 
because of the relatively large difference in the gas constant 
between the monomer and dimer, the ratio of turbine work 
to compressor work will be greater than for a gas that 
does not dissociate ; and the energy losses will have rela- 
tively small effect on the overall efficiency. 

To obtain data for making engineering calculations of 
thermodynamic employing aluminium chloride 
vapour, a theoretical evaluation of the basic physical 
properties and thermodynamic constants of aluminium 
chloride has been carried out for the U.S.A.E.C. at the Oak 
Ridge National Laboratory*, over a temperature range 
500°-1200°K. The investigators (M. BLANDER, L. G. Epet. 
A. P. Fraas, R. F. Newton) also considered possible cor- 
rosion problems, and concluded that aluminium chloride 
vapour could be satisfactorily contained with high-nickel- 
content alloys. 

They also considered certain typical engineering applica- 
tions—the use of gaseous aluminium chloride as an inter- 
mediate heat transfer medium in a _ molten-salt-fuelled 
reactor, a gas turbine cycle operating an aluminium 
chloride, and a binary vapour cycle employing water 
vapour. In none of these examples did they find any out- 
standing advantages over more conventional media. Never- 
theless, they conclude that the estimated values of thermal 
conductivity, heat capacity and viscosity indicate that 
aluminium chloride may be a unique gaseous heat exchange 
medium requiring very low pumping power, and that it may 
well prove to have some outstanding advantages in systems 
where these unique characteristics can be exploited to the 
full. 


* Report 
Laboratory 


cycles 


ORNL-2677 
Oak Ridge 


Reactors-Power 
Tennessee, U.S.A 


TID-4500. Oak Ridge National 


Tube Plates for High Pressure Heat 


Exchangers 
JEW theoretical and experimental data for design of 
it high pressure heat exchangers are presented by 


D. E. HartL_ey* in a paper advocating the use of thin 
tube plates for this type of plant. His analysis is based 
on the stiffening effect of tubes on tube plates; it takes 
note of, but differs from, that of MILLER which is the basis 
of the design procedure in British Standard Specification 
1500: 1958. Mutter considers the plate as a continuous 
disc, weakened by the tube holes and strengthened by the 
tubes. HarTLEY considers the tube sheet simulated by a 
series of concentric annular beams supported rigidly at 
their edges by the tubes. On this basis it is found that when 
the tube plates are thin bending is restricted to a narrow 
outer zone of the plate, and this has been confirmed 
experimentally. The question of ligament efficiency does 
not arise and it is possible to see the significance of the 
main parameters. Also the precise tube arrangement at 
the outer edge of the plate can be taken into account. 

In a heat exchanger having two tube plates, the latter 
are subject to surface pressures, loads in the tubes and a 
peripheral load due to the pressure in the header ; there is 
also a load from the shell due to its change in length 


relative to the tube nest, caused 


* Nuclear Engineering, Dec. 1960, p. 557 


DIARY 


Institution of Chemical Engineers 
January 10. North Western Branch. Chemical Engineering 
Lecture Theatre, The Manchester College of Science and 
Technology, Jackson Street Manchester. ‘Selection of 
prime movers in the petroleum chemical industry ” by H. H. 
MEYER (Associate Member). 6.30 p.m. 
January 18. North Western Branch. Lecture Theatre A, 
The Houldsworth School of Applied Science, Reservoir 
Street, Leeds, 2. “Chemical process design,” by J. M. 
COULSON (Member). 6.30 p.m. 
January 24. The Geological Society. Burlington House, 
London, W.1. “Lecture on mass transfer in drops and 
bubbles,” by F. H. GARNER (Member). 5.30 p.m. 
January 24. North Western Branch. Birkenhead Technical 
College. “Experimentation and reactor design in process 
research and development,” by W. WADDINGTON and W. D. 
Betts. 7.30 p.m. 


Institution of Mechanical Engineers 
January 18-19. Symposium on Pressure Vessel Research 
Towards Better Design. 
January 25. Ordinary Meeting: Thomas Lowe Gray 
Lecture. ‘“‘The Early Development of the Dracone Flexible 
Barge,’ by PRoressor W. R. HAWTHORNE. 


Institute of Refrigeration 
February 2. ““A New Conception in Cooling Tower Design,” 
by Cart MuNTERS and LENNART LINDQVIST. 


Institution of Engineering Designers 
February 2. Lecture. “Some Aspects of the History of 
Engineering Drawing Leading to Drawing Standardization,” 
by P. J. Booker, A.M.1.E.D. 


Annual Exhibition of the Institute of Physics and 
The Physical Society—1961 
January 16-20. 10a.m.to1 p.m. The Horticultural Halls, 
Westminster, London. 
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THE PERKIN GENTENARY TRUST 


Awards For The Academic Year 1961-62 


\ AUVEINE, the first important synthetic dye, was 
a discovered by WitttaM HENRY PERKIN in 1856. This 
discovery marked the birth of the dyestuffs industry and of 
the greater part of the organic chemical industry of the 
world. The centenary of this historic event was com- 
memorated in 1956 by Celebrations that were widely sup- 
ported by many organisations having an interest in 
chemistry. The Perkin Centenary Trust was established as 
a lasting memorial of this occasion, and to promote tech- 
nical education in all aspects of the manufacture and appli- 
cation of colouring matters. 

Applications for the following awards should be made 
on forms available from the Secretary, and must be received 
not later than May Ist, 1961: 


The Perkin Centenary Fellowship 


This award is offered for one or two years for the pur- 
pose of higher study of any subject approved by the 
Trustees. Candidates will be required to show either that 
they have had experience in an industrial firm or other 
institution concerned in the manufacture or the application 
of colouring matters, or that their intended field of study 
has a direct bearing on these subjects. The value of the 
Fellowship is £750 per annum with an additional grant of 
up to £100 per annum towards certain designated expenses. 


It may be tenable. from October 1961, at any university, 
technical college or other institution approved by the 
Trustees. 


The Perkin Scholarship 


Two such awards are offered, each for two years, renew- 
able at the discretion of the Trustees for one further year, 
to enable candidates employed in an industrial firm or other 
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institution concerned with the manufacture or the applica 
tion of colouring matters to receive an education at a 
university or technical college. Each award will have a 
value of £350 per annum. This may be increased, at the 
discretion of the Trustees, to £400 per annum if the candi- 
date appointed is required to live away from his normal 
place of residence. There is no means test and a successful 
candidate is not debarred from receiving the whole or a 
part of his normal salary from his employers during his 
tenure of the Scholarship. 


Perkin Travel Grants 

Applications are invited from teachers concerned with 
the study of any aspect of the manufacture or the applica- 
tion of colouring matters at a university, technical college, 
or other institution, The purpose is primarily to assist those 
for whom grants are not readily available from other 
sources. Each application will be considered on its merits 
The Trustees, however, expect that preference will be given 
to applications from lecturers, senior lecturers and readers, 
or the equivalent grades in other institutions, wishing to 
gain experience at a similar institution or in industry over 


seas. The object of the intended visit must be clearly stated 
(e.g., study of special techniques, apparatus, or industrial 
processes: to assist in some stated research project; or to 


study some specific educational method) and the applicant 
will be expected to devote sufficient of his time to that 
object so that effective study is possible. Grants will be 
available towards the cost of travel and maintenance for 
periods, related to the purpose of the visit, of from one to 
three months. 

Enquiries relating to the above awards should be 
addressed to The Secretary, The Perkin Centenary Trust 
c/o The Chemical Society. Burlington House, London, W.1. 
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ENGINEERING, Drury House, Russell Street | 


Drury Lane, London, W.C.2 











THE BRITISH OXYGEN COMPAN) 
LIMITED 


CHEMICAL ENGINEERS 


Required by the Chemicals Division of B.O.C 
Ltd Applicants should have an honours de- 
eree in chemical engineering or corporate mem- 
bership of the Institute of Chemical Engineers, 
plus at least 3 years’ industrial experience and 
should preferably be between the age of 
25/30 years 

The vacancies exist in Works Research at the 
North Ireland and North-Eastern’ Factories 
Applicants should have an interest and aptitude 
for process investigation, plant design and cost 
study 

The positions are progressive and there is a 
contributory pension scheme 


in 1958. 
latex. As a 


Chemical 
industry, 
at Hythe, 


Apply in writing to 
The Staff Officer. (BCE / F1691) 

The British Oxygen Company Limited, 

Bridgewater House, 

Cleveland Row, St. James's 





S.W.1 





—— 
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THE INTERNATIONAL 
SYNTHETIC RUBBER COMPANY 
LIMITED 


having commissioned Britain’s first general purpose synthetic rubber plant 
is now extending its activities into the field of synthetic rubber 
result of 
Chemical Engineers in the Company’s Technical Department. 

The main responsibilities of the Chemical Engineers in I.S.R. Company's 
Technical Department include process control. 
pilot plant operatian, efficiency of materials usage and plant performance. 
and interesting design work on varied projects covering almost the entire 
field of chemical engineering unit operations. 

The appointments offer valuable experience to*graduates in a modern 
large scale continuous process and plant, 
residing and working in the South Coast area of Hampshire’s New Forest. 

The position offers excellent conditions of service including a Pension 
Scheme which provides for widows and orphans benefits. 

Engineers, 
are invited to apply to the Personnel Manager of the Company 
near Southampton. 





this expansion, there are vacancies for qualified 


product development and 


with the added attraction of 





preferably with some post-graduate experience in ' 











AUSTRALIA 


THE UNIVERSITY OF NEW SOUTH WALES, SYDNEY 





LECTURER IN CHEMICAL ENGINEERING 


The University invites applications for appointment to the position of 
Lecturer in the School of Chemical Engineering, Kensington. 

Salary: £A1759 range £A2464 p.a. 

Commencing salary according to qualifications and experience. 
Applicants should possess an honours degree in chemical engineering or 
be eligible for corporate membership of the Institution of Chemical 
Engineers or possess equivalent qualifications. Wide industrial experience 
is essential and some teaching experience would be an advantage though not 
essential. 

The successful applicant will be required to lecture in all branches of 
chemical engineering, with special reference to chemical engineering 
thermodynamics and kinetics. 
Subject to passing a medical examination, appointee will be eligible to 
contribute to the State Superannuation Fund. ; 
Appointee will be eligible for 12 months study leave on full salary after 
s years service. . ; : 
First-class ship fares to Sydney of the appointee and his family will be paid. 
Four copies of applications, including the names of two referees, should 


CHEMICAL ENGINEER 
RESEARCH 


Anglo-Lautaro Nitrate Corporation, a large 
mining and chemical company with opera- 
tions in the North of Chile, requires a 
graduate Chemical Engineer (M.Sc or 
B.Sc.) for a _ position in its research 
organization 

The successful candidate will be expected 
to take charge of pilot plant operations, 
perform mathematical studies of processes 
and related problems associated with the 
Production of sodium nitrate, potassium 
nitrate, iodine and boric acid 

Opportunities for advancement may be in 
either administrative or scientific directions 
Applicants should have experience in indus- 
trial research or development and should 
have demonstrated ability in initiating re- 
search in chemical engineering and allied 
fields. Applications from Junior Chemical 
Engineers will also be considered 

The Company's operations and research 
laboratory are located near Antofagasta, 
Chile. It maintains full supporting services 
including a mechanical design section and 
large machine shop facilities: Applications 
with full details of qualifications and ex- 
Perience, age and family status should be 
addressed to: 





1961. 


be lodged with the Agent General for New South Wales. 56, Strand, London, 
W.C.2. and a copy forwarded by airmail in an envelope marked * University 
Appointment ™ to the Bursar, The University of New South Wales, Box 1. 
Post Office, Kensington, New South Wales. Australia, before 13th January, 





Mr. C. S. Hill, 
Nitrate Corporation of Chile Ltd 
Chile House, 
20/24, Ropemaker Street, 
London, E.C.2 











AUSTRALIA 
The University of New South Wales 
Newcastle University College 
Vacancies for Academic Staff 


The University invites applications for appoint- 
ment to the following position at Newcastle 
University College 

Lecturer in Chemical Enginecring 

Salary range: £A1759-£A2464 p.a 


Subject to passing a medical ecxamination, appointec 
will be eligible to contribute to the State Super- 
annuation Fund 

First-class ship fare to Sydney of appointee and 
his family will be paid 

Four copies of applications, including the names 
of two referees, should be lodged with the Agent 
General for New South Wales. 56 Strand, London 
W.C.2. and a copy forwarded by airmail in an 
envelope marked “University Appointment™” to 
the Bursar, The University of New South Wales 
Box | Post Office. Kensington, New South Wales, 
Australia, before 13TH JANUARY, 1961, Candi- 
dates outside the United Kingdom and Ireland 
need only submit one copy of their applications 
to the London address 





CONSTRUCTORS 
JOHN BROWN LIMITED 


require an experienced 


CHEMICAL ENGINEER 


to run the Chemical Enginecring Section of 
their Research and Development Laboratory 
at Leatherhead. The work is concerned with 
the development of chemical engineering 
equipment and processes and offers interest- 
ing and progressive work Candidates 
should be aged 30 to 40 and should have 
experience in chemical engineering develop- 
ment 


Please apply in writing or by telephone 
to:—~ 
The Research Manager, 
c. J. B. Ltd. Research and Development 
Station, 
Kingston Road, Leatherhead, Surrey. 
Telephone: Leatherhead 4400. 
quoting Ref. No. K 7939 








AN IMPORTANT POSITION 


is available to a qualified and experienced 


CHEMICAL ENGINEER 


with an_ internationally 


The work will entail high level discussions 


in the UNITED KINGDOM 


The successful candidate will work directly with the HOME SALES DIRECTOR and he 
commencing salary will be substantial with partici- 
scheme Proved success in the fie'd of sales 
relationship an advantage. Applications for interview should be sent with full particulars to 


Laurence Moor & Co. Chartered Accountants, 14, Pall Mall, 
London, S.W.1 


must be personable and versatile. The 


pation in the Company's Executive incentive 


known company in London. 


the field of CHEMICAL ENGINEERING 




















ono 


PETER SPENCE & SONS LIMITED 


(a member of the Laporte 
Group of Companies) 


require a 


CHEMICAL 
ENGINEER 


in their Development Department, who will 
be engaged on pilot plant operation, pro- 
cess evaluation, design or commissioning. 
The scope of the work is wide and offers 
invaluable experience. 


Applicants, who should be Honours Gradu- 
ates in chemical engineering or chemistry 
with a post g-aduate qualification in chemi- 
cal engineering and preferably with a few 
years of industrial experience. should apply 
quoting reference PS/BCE1/79 to — The 
Group Personnel Manager, LAPORTE 
INDUSTRIES LIMITED. Hanover House, 
14, Hanover Square, London, W.1. 








BRADFORD INSTITUTE 
OF TECHNOLOGY 


Head of Department of Chemical 
Engineering 

Applications are invited for the Headship of the 
Department of Chemical Engineering which is to be 
created in the near future. 

The Department organises full-time courses for 
the Diploma in Technology, the B.Sc. (London) 
degree and qualifications of the Institution of 
Chemical Engineers. Research is being developed 
in collaboration with industry Plans have been 
approved for a separate new building for Chemical 
Engineering which will provide excellent facilities 
for the extension of teaching and experimental work. 

Applicants should be well qualified Chemical 
Engineers with responsible industrial experience, 
including that of original design. It would be useful 
to have previous teaching and/or research experi- 
ence relevant to the development of under-graduate 
and post-graduate work in collaboration with 
industry. 

The starting salary will accord with the qualifi- 
cations and experience of the candidate and will 
be within the range of Grade V or Grade VI of 
the Burnham Report, i.e. between £2,100—£2,500 
per annum. 

The appointed Head will be permitted to under- 
take consultant work. 

Further particulars and forms of application may 
be obtained from the Registrar, Bradford Institute 
of Technology, Bradford, 7, 


HENRY PATTEN. 


Clerk to the Governors. 
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CHEMICAL MARKET CHEMIST 
required at Warren Spring Laboratory (D.S.1.R.), TUITION 
RESEARCH Stevenage, Herts.. as Scientific Officer or Senior 
Scientific Officer. for work on chemical methods A.M.L.CHEM.E, More than one-third 
for extraction of metals from ores, involving both of the successful candidates since 1944 
Further opening for qualified chemist or fundamental studies and problems arising from have been trained by T.1.G.B. All seeking 
chemical engineer {age up to 32) interested in tl.c appl ed work on specific ores, €.8. use of com- quick promotion in the Chemical and 
economic side of chemical industry and with a plexing agents for liquid/liquid extraction of lied Ind . hould se he 
few years of industrial experience. metals and studies of chloridising and chlorinating Allied Industries should send for the 
‘ reaction mechanisms. Candidates should have a T.1.G.B. Prospectus. 100 pages of expert 
The post offers an opportunity to gain experience preference for fundamental research Qual fica- advice, details of Guaranteed Home Study 
in this expanding field with a branch office of one tions:—Ist or 2nd Class Hons. degree in Chemistry Courses for A.M.1I.Chem.E.,  B.Sc.Eng 
of the world’s largest independent practitioners. The Some experience with chemistry of metal/organic A.M.L.Mech.E., A.M.I.Prod.E., C. and G 
applicant should be accustomed to work  inde- compounds desirable. Age at least 26 for S.S.O persion yg ney le : 
pendently and be prepared for extensive travel. and at least 3 years’ post-graduate experience etc., a wide range of Diploma Coun - 
Salary will be commensurate with experience and required. Salary:—S.O. £690-£ 1.144. S$.S.O most branches of Engineering Send for 
personal qualities. Apply in writing to vice- £1.250-£1,540. Forms from Ministry of Labour, your copy today—FREE T.1.G.B. (Dept 
president European operations, Roger Williams Technical and Scientific Register (K), 26. King 43), 29 Wright's Lane, London, W.8 
Technical & Economic Services Inc., 20, Hanover Street. London, S.W.1, quoting reference F.905/0A. 
Court, Hanover Square, London, W.1. Closing date 10 February, 1961. 








WE OFFER YOU... 


the most selective professional appointment service of its kind. In view of the present heavy demand in the chemical 
industry for personnel of all kinds, a particularly attractive feature of BRITISH CHEMICAL ENGINEERING 


is our “Professional Appointments Service.” 


Can we solve your staff problems? Classified advertisements for the February issue (out on January 19th) can be 


accepted up to first post January 11th, 1961. Complete the order form below and mail today. 


salaeianteniantantentantanientantaslontantentantentionttetenteniantententetan 


To: The Classified Advertisement Manager, BRITISH CHEMICAL ENGINEERING, Drury House, Russell Street, 
London, W.C.2. Temple Bar 3422. 


Please insert our advertisement as under for the next issue(s). Display Panel. Plain Type. Heavy Type. 


Cross out words not required. 
NAME 


ADDRESS 


All copy for advertisements is subject to the approval of the publishers, who also reserve the right to decline or cancel 


any advertisement. 


COPY (To avoid errors please use block letters). 
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TO 
CHEMICAL 


OVERSEAS 


ENGINEERS 


AND 


ARGENTINE 
Through Gordon & Goich Lid. 


Librerias Mackern, Avenue de Lean- 
dro N. Alem, 457, Buenos Aires. 
Mitchells Bookstore, 570, Cangello, 
Buenos Aires. 

AUSTRALIA 
Alberts Bookshop Pty, Ltd., 14-22, 
Forest Place, Perth. 
Angus & Robertson, Ltd., 89-95, 
Castlereagh Street, Sydney, N.S.W. 
Centre of Fashion Trade Journals, 
100, Flinders Street (Near Exhibition 


Street), Melbourne, C.1 

Engineering Publications (Aust.), 52, 
Pitt Street, Sydney, N.S.W. 

H. A. Goddard (Pty.) Limited, 255A, 
George Street, Sydney, N.S.W. 

The Grahame Book Company, 39-49, 
Martin Place, Sydney, N.S.W. 

John Hinton & Co., 50, Miller St., 
North Sydney, N.S.W. 


Jervis Manton (Pty.) Limited, 190, 
Bourke Street, Melbourne, C.1. 

J. W. Martin (Pty.) Limited, Box 
HS61, G.P.O., Perth. 

Messrs. Swain & Co. (Pty.) Lid., Pitt 
Street, Sydney, New South Wales 
The Tait Book Co. Ltd., 349, 
Collins Street, Melbourne, C.l, 
Victoria 

The Technical Book & Magazine 
Co., 295-299, Swanston St., (opp. Old 


Melbourne Hospital), Melbourne, C.1 
Victoria. 

H. C. Walker, Rich & Company, 
Grand United Buildings, 149, Castle- 
reagh Street, Sydney, N.S.W. 
Through Gordon & Gotch Lid. 
Gordon & Gotch (A'sia) Limited, 
80, Currie Street, Adelaide 

Gordon & Gotch (A’sia) Litd., G.P.O 
Box 1462 T., 262/264, Adelaide Street, 


Brisbane, Queensland 

Gordon & Gotch (A’sia) Ltd., 511 
$15, Little Collins Street, Melbourne 
C.1, Victoria. 

Gordon & Gotch (A’sia) Ltd., 133- 


144, Parry Street, Perth. 
Gordon & Gotch (A'sia) Ltd., G.P.O. 


Box 1627 B.B., Barrack and Clarence 
Streets, Sydney, N.S.W. 

AUSTRIA 
Through Continental Publishers & 


Distributors Lid. 


Messrs. Morawa & Company, Woll- 
zeile 11, Vienna. | 

BAHAMAS 
Through Gordon & Gotch Lid 
Moseicy’s Limited, P.O. Box 434, 
Nassau 

BELGIUM 
Dohmen Freres, 237, Rue Royale 
Sainte Marie, Brussels 111 (Schaer- 
beck) 

BRAZIL 


Livraria Stark, Limitada Caixa Postal 
2786. Sao Paulo. 

Through Gordon & Gotch Lid. 

Casa Crashiey, Ltda., 58, Ouvidor, 
Caixa Postal 906, Rio de Janeiro. 


Publicidade Exietica, S.A., Box 539, 
Sao Paulo 

BRITISH GUIANA 
Mr. Oswald Bentham, General Sup- 
plies Agency, Commission Merchants, 
P.O. Box 375, Georgetown. 

BRITISH WEST INDIES 

Messrs. Smith & Alfred, 4, Bellsmythe 
Street. Woodbrook,  Port-of-Spain, 
Trinidad. 


Through Gordon & Gotch Lid. 
Stephens & Todd, Lid., 8, Frederick 


Street, Port-of-Spain, Trinidad. 
URMA 

Continental & Overseas  Indentors, 

Post Box 1163, Raneoon. 


CANADA 
Mr. G. Bray, The Bray Circulation & 
Advertising, Post Office Box No. 788, 


Station B., Montreal, P.Q 
The Davis Circulation Agency, 
Oakville. Ontario 
Wm. Dawson, Subscription Service 
Limited, 587, Mount Pleasant Road, 
Toronto, 12, Ontario 
* Periodica,”” 5090 Ave. Papineau. 
Montreal 34 

CEYLON 
Mr. M. C. C. Wickramanayake, 
Director, The City Stores Limited, 
48. Ward Street, Kandy. 


Through Gordon & Gotch Ltd. 

E. Bastian & Company, 23, Canal 
Row, P.O. Box 10. Colombo. 
Colombo Apothecaries’ Co. Ltd., P.O. 


Box 31. Price Street, Fort, Colombo. 
Plate, Ltd., P.O. Box 127, Colombo. 
CHILE 
Marian Sucheston, K. Casilla No 


9950. Santiago. 


EXECUTIVES 


COLOMBIA 
Libreria ** El] Gato Negro,”’ Carrera 
7A, 14-35, Oficinas 201 Y 206, Bogota. 
YPRUS 
The Union Trading Co., 41, 4la, 


Zinonos Kiticos Street, P.O. Box 123, 
Larnaca. 

Through Gordon & Gotch Lid. 

S. Ch, Papadopoulos, 88, Ledra St., 
Nicosia 


CZECHOSLOVAKIA 


Artia Limited, Ve Smeckach, 30, 
Praha, 11. 

DENMARK 
Aksel J. Niclsen, Osterbrogade, 84, 


Copenhagen O. 
Store Nordiske Videnska Bokhandel, 
Ronersgade 27, Copenhagen. 


Johs Poulsen, The Illustrated News 
Service, Dahlerupsgade, 1, Copen- 
hagen V. 
Cc A Reitzels Bokhandel, Axel 
Sandal, Norregade 20, Copenhagen 
Victor Schroder, Esq., Hovedvagts- 
gade, 8, Copenhagen, K. 
Ih. Wessel & Vet, Limited, Norre- 
gade 7, Copenhagen 

ECUADOR 
Messrs “ Bravos,” Publications 
Agency, Guayaquil. 

EGYPT 


Librairie Hachette, 45 bis, Rue Cham- 


pollion, Cairo. 
Librairie Hachette, 61, Rue Nabi 
Daniel, Alexandria. 
Librairie La Renaissance d'Egypte, 
Messrs. Hassan and Yousef Mohamed 
and Co., 9, Sh. Adly, Cairo. 
The New Publications. Joseph 
Meshaka & Co., 49, Saad Zaghlioul 
Street, Alexandria. 
The New Publications, Joseph Mes- 
haka and Co., 3, Maspero Street, 
Cairo 
FINLAND 
Akateeminen Kirkjakauppa, 2, Kes- 
kaskatu, Helsinki. 
Rautatickirjakauppa O/Y, Helsinki 
FRANCE 
Arthur Reins, 4, Square Moncey, 
Paris, 9e. 
GERMANY 
American Business Journals, Zach- 


ringerstrasse 28, Berlin-Wilmersdorf. 
W. E. Saarbach G.m.b.H., Gertruden- 


strasse 30, Koln, 1. 
Wm. Dawson & Sons, G.m.b.H., 
Klosterstrasse 34-36a, Dusseldorf. 
GREECE 
G. Hagiantoniou, 31, Rue du Stade, 
Athens, Greece. 
HOLLAND 
G. De Vries, Lindenlaan, 10, Zaandijk. 
HONG KONG 
M. H. Shamdasani & Co. 90B, 


Nathan Road, Kowloon, Hong Kong 
Through Gordon & Gotch Lid. 

The Harris Book Company, 10, Ice 
House Street, Kowloon, Hong Kong. 
ICELAND 
Hilmar Foss, P.O. Box 154, Reykiavik 

IN 


NDIA 
Cc. G. Beard, 49, Galstaun Mansions, 
Park Street. Calcutta. 


Khurana Advertising and Publicity 
Service, 6, The Mall, Agra 

Mahajan’ Brothers, Opp. Khadia 
Police Gate, Ahmedabad. 

“ Manufacturers" Eastern Agency 
P.O. Box 301, Bombay. 


B. Muni Ratnam, Muny’s Subscription 
Agency, P.B. No. 1653, Madras, 1. 
The New Order Book Company, Ellis 
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THIS NEW LARGE ESSO REFINERY 
IS NOW “ON STREAM”’ 


Foster Wheeler was chosen by the Esso 
Petroleum Company to be the main 
contractor responsible for engineering and 
constructing the Process Units and Facilities 
for this, the most highly automatically- 
controlled refinery in Great Britain. 
Foster Wheeler is also working at Fawley for 
Esso on the engineering and construction of 
an extension to the Petroleum 
Chemicals Plant. 
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Problems of the Gas Industry 


Y providing a perspective for the future development 
Be the gas industry and, at the same time, by underlining 
some of the problems, technical and otherwise, which con- 
front the industry, the Autumn Research Meeting of the 
Institution of Gas Engineers performed an important 
service. 

Today both gas and coal are losing ground to oil, par- 
ticularly in the heating field, and the competitive power of 
gas for the future is seen to lie in the ability of the gas in- 
dustry to sell its main product at a lower price. At present 
the cost per therm of gas sold to industry is four times the 
cost per therm based on the pit-head price of coal; on the 
other hand, the price of a unit from fuel oil is not quite 
double that based on the pit-head price of coal (34d. per 
therm). It can be seen, therefore, that the gas industry, in 
comparison with its competitors, is at a considerable dis- 
advantage. This has stimulated the development of new 
methods of gas-making such as the total gasification pro- 
cesses, of which the Lurgi alone has so far reached com- 
mercial maturity; it is expected that such processes, operat- 
ing at a high load factor, will produce gas at less than 9d. per 
therm. 

Here it is as well to indicate some of the technical advan- 
tages of gas over alternative fuels. Compared with fuel oil, 
for example, its utilisation efficiency is higher and its rate of 
combustion can be more closely controlled. Again, the 
majority of its consumers are relieved of the need to install 
extensive storage facilities. One of its outstanding attributes 
is that it is smokeless, a property of considerable importance 
in view of the need to reduce air pollution, but one to which, 
unfortunately, an economic credit is difficult to assign. 

A disadvantage is that fixed costs arising from the instal- 
lation and amortisation of a large distribution system have 
a considerable influence on production costs and for 
economy require utilisation at full capacity and with as 
steady an output as possible. Nevertheless, this is not an 
insuperable difficulty, since high-pressure processes offer 
considerable economies in this direction. Thus, it has been 
shown that the cost of transmitting a given amount of energy 
a hundred miles in high-pressure pipelines is only a fraction 
of the cost of transmitting the same amount of energy by 
high-voltage cable. 

The problems of gas and coal are intimately connected, 
and there is much to be said for the approach which regards 
coal as an important source of chemicals; thus it is interest- 
ing to note that processes under development in Europe take 
account of the fact that the known deposits of solid fuels 
contain about cwenty times more liquid and gaseous con- 
stituents than crude oil and natural gas, constituents which 
are lost for chemical purposes if the fuel is directly used for 
steam generation. 

These processes, which apply especially to low-grade solid 
fuels, produce gas, tar and electric power in a sequence of 
integrated plants, the tars being subsequently used as a 
source of chemicals such as plastic, synthetic rubber, sol- 
vents and so on, One clear advantage of this approach is 
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that although the first cost of the combined power station 
and gasworks is 30 to 40%, higher than that of a condensing 
power station, it is considerably less than the combined cost 
of a separate power station and gasworks. 

Another approach was suggested by PROFESSOR THRING 
at the conference, namely the combined use of slagging-type 
gasifiers for the simultaneous production of pig iron; a 
process which, from the point of view of iron production, 
has the advantage of eliminating the coke-oven stage. It is 
possible that this process, with an oxygen blast and with 
the appropriate steam addition, could be made to yield a gas 
of useful calorific value for the gas industry and which 
would require a relatively small rate of iron production for 
its economic justification. Other processes are likely to enter 
the picture; one which is under very active consideration in 
a number of countries is the gaseous reduction of iron ore by 
hydrogen and carbon monoxide, a process calling for 
reducing gases and offering further opportunities for the 
slagging gasifier. Thus there is much in the belief that the 
future of gas lies in its closer integration with the process 
and metallurgical industries on the one hand and power 
generation on the other. 

As things stand at the moment, the development of the 
gas industry suffers from a number of obstacles. In the 
first place, at the time of nationalisation, the industry was 
technically and economically in poor shape. Then, the 
majority of works, apart from technical backwardness, were 
of such small size that they were almost certainly beyond 
economical operation, and fewer than 10% of them were 
of an economical:size. This state of backwardness has had 
to be eliminated. Second is the attitude of the Government 
itself to the whole problem of fuel and power, based as it 
is on the fallacy of freedom of fuel choice for the consumer, 
a negation of policy which makes the development of 
the gas industry a gamble, and which, in view of the inroads 
made by oil into fields previously held by coal and gas, 
could lead to a situation where oil occupies a position 
potentially dangerous to the national economy. One con- 
sequence could well be the stagnation of coal production, 
with the result that a future greater demand for coal which 
might arise, for example, through the development of total 
gasification and other processes, would be impossible to 
satisfy. Again, although oil has an important part to play 
in any integrated scheme, it must be remembered that its 
purchase has led to a heavy balance of imports over exports, 
a trend which can be expected to increase if the present 
standpoint is adhered to. There is, therefore, much to 
favour adjustment of the refinery programme to yield a far 
lower proportion of fuel oil and a correspondingly higher 
proportion of automobile and aviation spirit. Such a change 
would supply national petrol requirements from half the 
present import of crude oil. 

Another obstacle is evident from the report of the Wilson 
Committee, for the scale of effort recommended by them for 
the development of improved methods of gasification is too 
small in comparison with the magnitude of the problem. 
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DEVELOPMENT OF A RADIOACTIVE AEROSOL 
FOR TESTING FILTER FABRICS 


A radioactive aerosol is used for measuring the efficiency of dry filter media. The aerosol 
particles labelled with 1;P°* were size analysed, and their mass median size was found to be 
0.3 micron, with no particles greater than 1.2 micron. The technique used for measuring the 
efficiencies is described; it is easy and safe, and the reproducibility is good. The technique is 
applicable to numerous problems in the field of dust filtration, both in the laboratory and 


on the plant. 





by J. K. SKREBOWSKI* and B. W. SUTTON* 


Introduction 

N the current development work on bag filters under- 
| fen in this laboratory* it was found necessary to assess 
accurately the fine dust removal efficiency of various filter 
fabrics, so that an appropriate fabric could be selected for 
any specific duty of gas filtration. The method initially 
tried' was that of dispersing a known amount of very fine 
silica dust (containing 75% by weight less than 5 microns 
diameter) in air and using the fabric under test to filter the 
dust cloud. The efficiency of the fabric was determined by 
measuring the concentrations of dust entering and leaving 
the filter fabric. This method of testing had two main dis- 
advantages, viz.: 

(1) The efficiency of the filter fabric increases rapidly as 
dust accumulates on its upstream surface; thus the 
efficiency becomes a function of the quantity of dust 
used in the test. 

(2) The fabrics used in practice for industrial dust filtra- 
tion purposes are found to have efficiencies all of 
which approach 100% using this dust. 

These two effects make differentiation between fabrics 

extremely difficult. 

Another method which was explored was the British 
Standard Methylene Blue Test.’ In this method a dilute 
(1%) solution of methylene blue dye in water is atomised 
into fine droplets and the droplets evaporated to dryness; 
the particles thus produced have a mass median diameter of 
0.5 micron. The aerosol which passes through the fabric 
under test is collected on a white filter paper over a measured 
period of time, and then treated with steam; a deep blue 
coloration is produced, the intensity of the colour being 
proportional to the amount of dye collected on the paper. 
As a reference standard, another filter paper is used to 
sample the inlet aerosol stream. The time (found by trial 
and error) is adjusted so that the same depth of colour is 





* Dr. SKREBOWSK: and Mr. Sutton are Technical Officers with the 
Engineering Development Department of Imperial Chemical Industries Ltd., 
Billingham Division. They have worked as members of Dr. C. J. Stair- 


MAND’S team upon various problems in connection with particle mechanics, 
dealing particularly with sampling and sizing. 
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obtained on each filter paper. Then the ratio of the times 
necessary to produce the same intensity of stain is a quan- 
titative measure of the fabric efficiency. 


The methylene blue test largely overcomes the disadvan- 
tages of the silica dust test mentioned above, and differen- 
tiates well between different fabrics, provided that their 
efficiencies are not much below 80%. Unfortunately, the 
colour intensities vary with the way the filter papers are 
treated with steam after the dye has been collected on the 
paper surfaces; in addition, the estimation by eye of rela- 
tive colour intensities is subject to personal error, and the 
time required to obtain reliable results by this trial and 
error method is excessive. As the methylene blue 
aerosol is much finer than the silica dust, the efficiencies 
of the majority of fabrics are well below the limit of accurate 
measurement by the methylene blue test (i.e., below 80%), 
and this limitation virtually excludes the assessment of a 
large number of industrial fabrics used for dry filtration 
purposes. 

The third method tried* was based on the use of a non- 
pathogenic bacterial aerosol (Chromobacter prodigiosum). 
In this test the aerosol is sampled simultaneously at the inlet 
and exit of the filter. The impingement collector plate of 
the standard “slit sampler” is covered with nutrient jelly, 
and the aerosol concentrations are determined by subsequent 
incubation and a count of clearly visible colonies. The 
method has, however, limitations, such as the inevitable 
delay in obtaining the results due to the length of the incuba- 
tion period (20-24 hr), and the need for the services of a 
bacteriologist. 

Other types of test aerosol which might be used for test- 
ing fabric filters were also considered. Several of these are 
formed by vaporising organic substances and then con- 
densing the vapours into very fine mists under carefully 
controlled conditions. The quantity (by weight) produced 
by condensation is very small, and consequently the collec- 
tion and quantitative estimation of such a mist requires 
specialised techniques. Examples of such techniques can be 
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found in the references.* ® 7 

Consideration of the results obtained using aerosols of 
the types described above led to the formulation of the 
following specification for an aerosol to be used for testing 
fabric filters : 

(1) In the production of the aerosol, size reproducibility 

is essential. 

(2) The average size of the aerosol particles should be in 

the neighbourhood of 4 micron. 

(3) Detection and measurement of minute quantities of 

aerosol should be simple and accurate. 

Conditions (1) and (2) are comparatively easy to fulfil 
by straightforward adaptation of the “Collison atomiser”’ 
system as used in the British Standard Methylene Blue Test. 
Preliminary experiments with a radioactive aerosol were 
found to be most promising for the fulfilment of condition 
(3), and it was decided to concentrate effort on this develop- 
ment. 


The Choice of Radioactive Material 

The decision to use potassium dihydrogen phosphate 
(KH.PO,) for the aerosol was mainly due to the fact that 
the labelled compound was available at Billingham, being 
used for work on radioactive tracers. In addition, this com- 
pound is easily soluble in water, which would be useful if 
it proved necessary to extract the active aerosol from a 
filter. It is of advantage to use radioactive phosphorus (;;P®) 
as a tracer element for several reasons: the half life is fairly 
short (14 days), but not so short that too-frequent replenish- 
ment of supplies is necessary. On the other hand, it is not so 
long as to be a source of prolonged contamination in the 
event of spillage. This element (;;P*) emits only -rays and 
these are of low penetrating power; 80 mg of any material 
per cm? will reduce the intensity of the radiation by half. 
Thus, handling the substance in ordinary glass jars is quite 
safe, since little radiation will penetrate the walls. Ordinary 
rubber gloves and forceps afford sufficient protection when 
handling activated filter papers, etc., especially as the level 
of radioactivity used for the tests is very low. 

The aerosol was produced by the atomisation, with sub- 
sequent evaporation of water, of a very dilute solution 
(0.01% by weight) of KH.PO, in distilled water containing 
a small amount of KH:PQ,, labelled with radioactive 
phosphorus (;;P), 

Preliminary experiments showed that, on evaporating 
small droplets of a 0.01% solution of KH2PO, in water, the 


resulting aerosol was composed of small crystalline particles 
mostly with diameters below 1 micron. This was considered 
quite satisfactory for the purpose in mind, and subsequently 
a size analysis was carried out on the aerosol using a 
thermal precipitator as a collecting instrument and an elec- 
tron microscope for sizing the particles. 

The size analysis using the electron microscope was 
carried out by fitting a magnified photographic transparency 
of a standard graticule on to the screen of the electron 
microscope and sizing the particles by matching with appro- 
priate circles on the graticule, This method was basically 
similar to the ordinary size analysis technique using an 
optical microscope.® Size analyses were carried out on three 
samples taken on different occasions and the results were in 
agreement. A mean curve was drawn (Fig. 1) which shows 
that there were no particles larger than 1.2 micron and that 
the mass median size of the aerosol was 0.3 micron. 

The conditions necessary for the production of the aerosol 
from the “Collison atomiser” were as follows: an air 
pressure of 30 lb/in® gauge, an air flow of 600 litres/hr, 
and a concentration of KH2PO, of 0.01% by weight in dis- 
tilled water at room temperature. Higher concentrations of 
KH»PQ, were tried, but it was found that there was a ten- 
dency to form loose clusters of particles of very much 
larger sizes than 1 micron. 

Fig. 2 shows the appearance of the aerosol (produced 
under standard conditions as specified above) when 
examined under the electron microscope. All subsequent 
tests have been made using this standard aerosol. 


Apparatus 

The apparatus is shown in Fig. 3. It consists of a “Collison 
atomiser” (using clean compressed air at 301b/in® gauge), 
the description of which is given in *. The air pressure to 
the atomiser, and hence the flow rate, is kept constant at a 
predetermined value by an automatic pressure-regulating 
valve; a pressure gauge and a rotameter are also connected 
to the atomiser. Following the atomiser is a T-junction to a 
drying tower, through which dry filtered air is drawn to be 
mixed with the main stream at a rate equal to that from 
the atomiser (about 600 litres/hr). This ensures that the 
dew-point of the airstream is low enough to prevent any 
subsequent condensation of moisture upon the aerosol 
particles, ; 

The fine droplets are passed through a long metal tube 
heated to over 100°C, where the remaining water is 
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Fig. 1. Particle size analysis of the radivactive 


aerosol (mean curve). 
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Fig. 2. Electron micrograph of the aerosol; magnification 
x 7800 (gold shadowed at an angle of \ in 4). 











evaporated, leaving solid material in the form of an aerosol 
composed of fine particles of KH:POQ,. The aerosol is now 
passed through a tube of 2in. dia. and a portion of it is 
removed through a sampling nozzle. The remaining aerosol 
is passed through a superfine glass wool filter (guard filter), 
then through the by-pass flowmeter and finally vented out- 
side the building. The sampled portion of the aerosol is 
divided equally into two streams. In the limb carrying one 
stream a filter-fabric holder of 14 in. inside dia. containing 
the fabric specimen to be tested is inserted. It is followed by a 
brass holder (Fig. 4) containing a replaceable disc of filter 
paper (Whatman 42) 2 in. dia., which collects the aerosol, 
followed in turn by a flowmeter and a fine needle valve 
which is used to adjust the air flow accurately. The other 
limb is similar but without the filter fabric holder. It was 
decided to use No, 42 Whatman filter paper following 
tests with various grades of Whatman filter paper in which 
it was found that the No. 42 paper had an efficiency greater 
than 97°% and was superior to all the other papers tested.f 

The whole apparatus is under suction and the exhausted 
air, with any remaining trace of radioactive aerosol, is 
drawn through 100% efficient guard filters (superfine glass- 
wool) before being vented outside the building. 

Additional equipment consists of a Geiger-Miiller tube 
fitted at one end with a mica window of mass per unit area 
2 mg/cm*. As shown in Fig. 4 (b), the Geiger-Miiller tube is 
fitted into a brass “pot” which positions the tube inside the 
filter holder with its end window }in. from the surface of 
the filter paper. It is essential that the Geiger-Miiller tube 
be at the same distance from the filter-paper in each holder 
when measuring the activity collected, and this is ensured by 
using filter holders of identical dimensions in all tests. 

The Geiger-Miiller tube is connected by co-axial cable 
via the probe unit (Ekco Type N.558) to a scaling unit 
(Ekco Type N.529B). 


Experimental Procedure 

The heated tube is allowed to reach its equilibrium tem- 
perature, and an air rate of 600 litres/hr is set on the by-pass 
flowmeter. Suction is then applied to both limbs and the 
air rate to the atomiser is adjusted to 600 litres/hr at 30 Ib/ 
in® gauge. At this air rate, approximately 15 ml/hr of the 
dilute (0.01°%,) solution of radioactive KH:PO, is atomised. 
The air flow rates through the limbs are equalised by 
adjusting the separate needle valves and set at 125 litres/hr 
to give 0.1 ft/sec. face velocity through the fabric test speci- 
men. The aerosol is passed through the filter for a period 
of about 15 min., after which the atomiser is switched off, 
but the air flow is maintained for a further 3-5 min. to 
purge all lines of the radioactive aerosol. The filter paper 
holders are then removed, top caps unscrewed, and counting 
is carried out by inserting the Geiger-Miiller tube in its 
brass “pot” inside the body of the filter holder as shown in 
Fig. 4 (b). The heavy brass body of the filter holder protects 
the Geiger-Miiller tube from stray radiations from outside. 
From these measurements the efficiency of the fabric can 
easily be determined. Normally, when measuring the 
efficiency of a fabric, about four separate determinations 
are made, and the average value of the efficiency of the 
filter fabric is calculated. 

Before the test it is advisable to check the equipment for 
leaks by carrying out the test without a fabric specimen. 
In such a case the ratio of activities of the papers should 
be within about +3% of unity. 

In order to obtain convenient counting rates (e.g., about 
5000 counts / min. in the “blank” test) it was found necessary 





+ Alternatively, other filters. such as layers of superfine glass-wool, can be 
used as sampling filters, in which case the active aerosol is leached out with 
a 1% solution of o-phosphoric acid in water and the activity is measured using 
a Geiger-Miiller counter for liquids. This method is, however, less convenient 
than that described above in the majority of cases. 
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to use about 100 ml of solution in the atomiser with a total 
activity of about 20uC (microcuries). 
To calculate the efficiency, if 
B = background count (counts/min.), 
C; = activity of paper in upper limb (counts/ min.) 
(see Fig. 3), 
and C2 = activity of paper in lower limb (counts/min.), 
then 
Inlet Activity 7 = C; — B, and 
Exit Activity E = C2: — B. 
Since activities are proportional to the masses of aerosol 
collected, then: 





; I— 
Efficiency 7 = - x 100% 


Reproducibility of Measured Efficiencies 

The reproducibility of measurements is affected mainly 
by two factors: viz., the accuracy with which the flow rate 
in each limb can be measured, and the random variations 
in the counting rates observed. 

The rotameters used to measure flow rates are calibrated 
against each other at intervals, but it is doubtful if the 
indicated rates are reliable to better than +2%. In the case 
of the measurements of the counting rates, the accuracy is 
dependent on the total number of 8-emissions counted, the 
actual relation being that the standard deviation « for N 
counts is given by « = VN. It can be seen, therefore, that 
the accuracy of measurement can be increased both by 
increasing the activity of the sample and by increasing the 
duration of counting. Practical considerations have led to 
the choice of a value of N equal to about 50,000 in most 
cases (e.g., 5000 counts/min. for 10 min.), which gives a 
standard deviation e = +224, i.e., +4% for each determina- 
tion of activity of a filter paper. 

In view of these considerations, it can be expected that the 
scatter found in the “blank” tests will be of the order +3%. 

Table I shows the results of a series of tests on three 
different fabrics covering a wide range of efficiencies and 
a series of “blank” tests, analysed to obtain a measure of 
the reproducibility of the efficiency of each fabric. It can 
be seen that, as the fabric efficiency increased, the error 
of the measurement diminished rapidly: the highest errors 
were obtained in the results of the “blank” tests. 


TABLE Il—Errors of Measurement 




















Fabric Number of Mean Standard Standard Error 
Tests Efficiency Deviation of the Mean 
n t, o ( °) 
~~ > 
n 
Filter paper 7 96.6°< 0.9 (96.6 + 0.3) % 
Wool felt 12 75.9° 2.1 (75.9 0.6) °, 
Woven cloth 12 16.6° 2.4 (16.6 + 0.7) % 
“Blank” tests 12 —0.1°% 3.0 (—0.1 0.9) % 











The radioactive technique was first developed late in 1956, 
and the efficiencies of about 100 filter fabrics have since 
been measured. The results show that the efficiency of a 
given fabric varies with the face velocity of the aerosol, but 
the efficiency is not a simple function of the face velocity. 
At a given face velocity (e.g., 0.1 ft/sec., which was chosen 
as the standard value in these tests because velocities of 
this order are commonly used in industrial bag filters) the 
efficiencies of different fabrics vary over a very wide range; 
no simple relationship has yet been found between the 
efficiency of a fabric and its structure; i.e., weave, yarn, 
weight per unit area and nature of the constituent fibres. 


The Efficiency of a Dust Cake Deposited on a Fabric 
Filter 
It is known that when dusty gas is filtered through a fabric 
filter the efficiency of filtration is constant when the fabric 
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Fig. 3. Diagram of apparatus for testing fabrics with Fig. 4. Diagram of filter paper holder and positioning of 
radioactive aerosols. Geiger-Miiller tube. 
is clean, but as dust deposits on the fabric in appreciable and keeping the whole apparatus under a slight suction, with 
quantity it begins to act as an additional filtering medium the atomiser enclosed in a fume cupboard, thus ensuring 
and the overall efficiency increases considerably. that no leakage into the laboratory atmosphere can occur. 
The efficiency of a clean fabric was measured and sub- In addition, the effluent from the apparatus is filtered 
sequently a known quantity of fine silica dust was deposited through a 100% efficient guard filter packed with superfine 
on it. Its efficiency was then measured without disturbing glass-wool before being vented to the atmosphere at roof- 
the dust cake, and again measured after cleaning by blow- top level. The pieces of fabric and filter paper which have 
back. become contaminated with radioactivity during the tests 
In this wavy several fabrics were examined, and the results are stored in a metal container for several months until the 
} - a . . swiatu alay. io1 © > 
(in Table II below) show that the dust cake gives rise to an activity has decayed to a negligible value. 
increased filtration efficiency, even after some of the dust The radioactive aerosol test technique has been applied 
has been removed by blowback. successfully to the elucidation of a number of other 
: problems in the field of dust filtration, The efficiencies of 
TABLE Il—Effect of Deposited Dust on Filtration Efficiency granular and fibrous packed beds used as filters have been 
j investigated in the laboratory and the effects of varying 
Aerosol Efficiency parameters such as face velocity, granule/fibre size and 
} Fabric New Clean After Dust | AfterCleaning] depth of packing were explored; the influence of irrigation 
Cloth Deposition by Blowback ° . ° 
o” oy o on such beds was also examined. The packing materials 
Lishewsiaha ginin eloth examined included glass-wool, slag-wool, sand and gravel of 
(synthetic fibre) 2 65 13 various grades, ceramic spheres and pellets, Essentially the 
Heavy raised-surface cloth ; same technique has been used to measure the efficiency of 
Canes Se oo 7 we a full-size plant filter by injecting the radioactive aerosol into 
Heavy raised-surface cloth the gas-stream 
(natural fibre) 39 82 69 ie — : 
In conclusion, it is considered by the authors that the 
radioactive aerosol technique is an improvement on existing 
methods of measuring fabric filter efficiencies, and that it 
Discussion is capable of being developed for use in the study of a 
The radioactive aerosol method has proved valuable for Wide range of other problems in the physics of small 
\ the determination of fabric filter efficiencies, since it is now Particles. 
possible to measure efficiencies fairly accurately over a ; —_ 
} range from less than 5% to virtually 100%. By usingaradio- ®&FERENCEs 


active tracer, difficulties encountered with the other tech- 
niques investigated have been largely overcome. 

The method is sufficiently simple and safe to be used by 
laboratory personnel after a short course of instruction. 
The apparatus required is comparatively inexpensive and 
easy to fabricate, while the equipment needed for measuring 
the radioactivity is now readily available as a standard 
item. It is possible to obtain the radioactive tracer material 
from The Radiochemical Centre, Amersham, at a few days’ 
notice and at a very moderate price. 

No special shielding between the apparatus and the per- 
sonnel is required because of the low penetrating power of 
the radiation involved and the very low activity of the radio- 
active material in the apparatus at any given time. Certain 
safety precautions are, however, observed, such as handling 
the container for a minimum time, using thick rubber gloves 
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THE APPLICATION OF STATISTICS TO 
COST ESTIMATING 


by A. P. SHAHBENDERIAN 





A method is suggested for obtaining, quickly and accurately, labour cost estimates of 
chemical plant or equipment. The method requires an analysis of cost data obtained 
previously for a particular piece of equipment and is illustrated by the example of a 
mild-steel floating-head heat exchanger. The labour cost is derived from a multiple 
regression analysis of previous labour costs for this type of exchanger. 


HERE is much scope for the application of statistical 
f pot in the field of cost estimating. Chemical plant 
manufacturers and other organisations concerned with the 
cost estimation of equipment, manufactured to a client’s 
specification, are usually faced with the problem of pro- 
viding both budget and accurate cost estimates. 

Budget estimates are usually obtained from graphical 
correlations of past data, or simply by looking up previous 
records, Accurate estimates are derived by adding together 
the probable component costs; viz.: labour, material, design 
and shipping costs, together with overheads, profits and a 
contingency cost. 

The determination of an accurate /abour cost involves 
assessing the times taken by the various sections of the 
organisation to manufacture the item. For complicated items 
of chemical plant, labour cost estimating is usually difficult 
and time-consuming. It is quite often the main hold-up in the 
compilation of the final selling price for quotation to the 
client. The problem, therefore, is to reduce the time involved 
in obtaining labour cost estimates and this can certainly 
be done by using the methods of multiple regression! (some- 
times known as the “method of least squares”) to analyse 
past cost data. By analysing previous labour cost data for 
plant items of a particular category (e.g., heat exchangers), 
it is possible to deduce equations which will accurately pre- 
dict the labour cost of a new exchanger of the same category 
and falling within the range of dimensions of previously 
fabricated exchangers. 


Multiple Regression Analysis of Labour Costs 

The labour cost assessment of mild-steel, floating-head 
heat exchangers will be considered as an example. The 
labour cost involved in the fabrication of a heat exchanger 
will be a function of its several characteristics, such as 
number of tubes, length of tubes, shell diameter, shell thick- 
ness, number of baffles and so on, 

Expressing this mathematically: 





C=f(N,L, A,T...) conn 
* Born in 1931, A. P. SHAHBENDERIAN was educated at Buxton College and 
Trinity College, Cambridge. After graduating in Chemical Engineering at 


Cambridge. he joined W. J. Fraser & Co. Ltd. for two years and is now 
Assistant Lecturer at Edinburgh University, where he is studying for a 
Ph.D. degree. 
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where C = labour cost; 
N = number of tubes; 
L = length of tubes; 
A =shell surface area = ~D,L, where D, = shell 
internal diameter; 
T = shell thickness. 
Fig. 1 indicates the significance of these characteristics 
in relation to a typical mild-steel, floating-head heat 
exchanger. 


As an approximation, it is postulated that the labour cost, 
C, may be expressed by a linear equation of the form: 


C=a+t+bN+cL+dA+t+eT+t... ‘seine 


where a, b, c, d, e, ... are constants. 

Thus, the labour cost, C, is taken as independently 
linearly related to each of the variable characteristics N, 
L, A, etc, This assumption has been justified by practical 
experience and will be discussed later. 

With labour cost data available for previously manufac- 
tured heat exchangers with characteristics N, L, A, etc., 
known, it is thus possible to produce Equation (2) with the 
constants, a, b, c, etc., so determined that they are the 
“statistically best fitting” constants for the known data. It is 
the author’s experience, however, that, in the case of heat 
exchangers, Equation (2) can be still further simplified to an 
equation of the form: 


C=!l1+mN+ pA 


where /, m and p are constants. This further simplification 
implies that the labour cost of a heat exchanger is largely 
conditioned by the two factors—number of tubes (N) and 
shell surface area (A). The only justification for this further 
simplification is that the equation c = 1+ mN + pA has 
proved to be reasonably accurate in practice. Qualitatively, 
however, it might be expected that N and A would be the 
dominating factors in the cost equation. It should also be 
realised that the other variable characteristics, such as 
length of tubes, size of nozzles, etc., are directly related to 
either N and A, and hence the use of N and A alone includes, 
to some extent, the effects that these other variable charac- 
teristics have on the total labour cost. 

The problem thus reduces to finding only three “best 
fitting” constant, /, m and p, from known cost data. 
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Fig. 1. Cross-section of typical mild-steel floating-head 


heat exchanger. 


If this further simplification were true and the known 
labour cost data were plotted graphically as a function of 
N and A, it would be expected that the points would lie 
roughly in a plane, as shown in Fig. 2. 

The extent of the “scatter” from a plane drawn through 
the points would indicate the validity of the assumption that 
both N and A were independently and linearly related to C. 

It will now be seen that the problem reduces to finding 
the equation of the “best fitting plane” through the scattered 
points. This can easily be done using the well-known tech- 
niques of multiple regression. The mathematics involved is 
contained in most standard texts on statistical methods,’ * ® 
but it has been reproduced in this article to show that the 
underlying theory is simple and the necessary computation 
easy. Statistically, the best fitting plane is such that the 
sums of squares of the ordinate deviations from this plane 
(C — Cr in Fig. 2) is a minimum (hence the use of the 
phrase “method of least squares”). This plane will have 
intercept / on the C-axis, slope m in the direction of the N- 
axis and slope p in the direction of the A-axis and will be 
given by an equation of the form: 


Cr =! + mN + pA 


This is known as the regression equation, m and p being the 
so-called regression coefficients. 

As noted above, for any two corresponding values of N 
and A, the ordinate deviation will be given by (C — Cr). 
We now have to meet the condition 


n 
x(C —C z)? = a minimum 
1 


for all the n points in the scatter diagram (Fig. 2). 


2 


n n 


Now <(C — C,;)? = B{c—a+ mN + pa)| 
1 1 


n 
The values of /, m and p which make & (C — Cr)? a mini- 


1 
mum are obviously obtained by differentiating separately 
with respect to /, m and p and equating to zero. 








{1c _ ca} is 
Thus — al =— =2{c—< + mN + pa)| = 0 
1 
{sic cal n | 
= «= 3 on G8 ahs 
Om — ‘wv (i + mN + pA) 


=0 
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Fig. 2. C shown as a function of N and A. Points scattered 
about a plane. 


=_— - £2A4{C — (1+ mN + pA) 
cp 1 
=0 





n n n n 
ie. 2C = XL] + m=N + pra ee 
1 1 1 1 


a n n n 
=IN.C =1=N + m=N? +ptA.N -+++ (4) 
1 1 j 1 


n a n n 
=A.C =/IZA + m=A.N-+ pdA? ....(5) 
1 1 1 1 


n 


Now ~.C=2n2.Cm, where Cm is the mean of all the n 


1 
previously known values of C. 
n 


n 
Similarly, 2N = nNa; 2A = nie 
From Equation (3): 
nCm = nl + mnNn + pnAnm 
i.e, Cm = 1+ mNa + PAm ane 
ie., the best fitting plane, called the regression, passes 
through the means of all the A and all the N values. 
Multiplying Equation (6) by nNm and subtracting from 
Equation (4) gives: 
n n (> 
aN .C—aN,.C, = {3 — nv} + m\=N? — nn} 
1 1 1 
- 
-L {EAN nA ,,N mf tees (7) 


n n 


Now =N .C — 2Nm.Cm = 3(N — Nm) (C — Cm) .... (8) 
1 1 


This can be shown by multiplying out, and simplifying, 
the right-hand side of Equation (8). 


n n n n 
X(N — Nm) (C er Cm) = =N . A — =N . Cm + Cm . Nm 
1 1 1 1 


n 
— aNm . Cc 
1 
n 


n 
= SN .C—n.Na.Cuatn.Na.Ca—2Na.C 
1 1 


n 
But =Nm 
1 


c= nNm ° Cn 


n n 
a X(N — Nm) (C — Cu) = N.C — 2Nn. Cm 
1 








Furthermore, on the right-hand side of Equation (7): 


Similarly, with Equations (6) and (4): 

































































n 
n 
=N (A — Am) (C — Cu) 
n 1 
sas , . , 1 
=N nNm = 0, since Ny» = — n n 
n = , : 2 
l = m>(N = Nm) (A — Am) + pA eT Am) tere (10) 
n n 1 1 
and SN? — nN,,? = X(N — N»)*, since: Hence m and p may be determined from the two simul- 
! ! : taneous Equations (9) and (10), since it has been assumed 
- a a mae 5 that n values of C, N and A are available from previous 
S(N — Nn}? = SN? — 23N.Nm + SNn2 acres 
, , , cost data. 
n Now, generally, Cr = 1+ mN + pA 
on See + Sal r r 3 
= an 22Nm.Nm + 2Nm and Cm = 1+ mMNm + pAm .. 6) 
n Eliminating /: 
om SAI2 r 2 
— an = nN m Cr = Cu + m(N — Nm) + p(A — Am) eee (11) 
Eouation (7 ; Equation (11) is the equation of the best plane “fitting” 
‘ -quation (/) reduces to: . . . 
o- Sua the given data, i.e., the equation fitted by the method of 
SiN — N,)(C — Cr) least squares. It is now possible to use this equation to 
1 predict future costs. 
ma(N — Ne}? + ps A — An) (N — Np) (9) Hence, if the labour cost, Ci, is to be estimated for a new 
1 ™ ia a viata exchanger with N; tubes and shell surface area A;, it can be 
TABLE [—Hypothetical Data for Mild-steel Floating-head Heat Exchangers, 0-500 psi Working Pressure 
| 
Compare 
| OO 
Labour Area | Number Calculated Actual 
Cost | 4(sq.ft) of c* i? \? AL A.N C.N Labour Labour 
c(£) Tubes Cost from Cost 
N Regression (£) 
Equation 
| (£) 
310 120 550 96,100 14,400 ~ 302,500 37,200 66,000 170,500 293 ~—~CtéC«SL;Ci(ai‘«é XK 
300 130 600 90,000 16,900 360,000 39,000 78,000 180,000 315 300 
275 108 520 75,625 11,664 270,400 29,700 56,160 143,000 273 275 
| 250 110 420 62,500 12,100 176,400 27,500 46,200 105,000 254 250 
220 84 400 48,400 7,056 160,000 18,480 33,600 88,000 220 220 
200 90 300 40,000 8,100 90,000 18,000 27,000 60,000 206 200 
190 80 230 36,100 6,400 52,900 15,200 18,400 43,700 179 190 
150 55 120 22,500 3,025 14,400 8,250 6,600 18,000 127 150 
| 140 64 190 19,600 4,096 36,100 8,960 12,160 26,600 152 140 
100 50 100 10,000 2,500 10,000 5,000 5,000 10,000 117 100 
10 - . - —— -——— ——_ — —_——_—- — 
| & 2135 891 3430 500,825 86,241 1,472,700 207,290 349,120 844,800 
mm 
Cm 213.5 dn 89.1 Nin 343.0 10 CmAm 190,228.5 10 CuaNm 732,305.0 10 NmAm 305,613.0 
10 s 10 . 10 : 
( EC ) (= ) =N - 
455,822.5 A'S ~ 79,388.1 |_/ _ 1.176,490.0 “. X (C=Cm)* = $00,825 —455,822.5 =45,002.5 
10 10 10 1 
10 10 
= (N — Nm) 1,472,700 — 1,176,490 = 296,210 x (A — Am)*® = 86,241 — 79,388.1 6,852.9 
l 1 
10 10 10 
S (C — CaN — Nm) = 844,800 — 732,305 = (C — CuMA — Am) 207,290 — 190,228.5 xX (A — AmMN — Nm) = 349,120 — 305,613 
l 112,495 l 17,061.5 1 43,507 
Equation (9) gives 112,495 m(296,210) + p(43,507) 
and Equation (10) gives 17,061.5 m(43.507) + p(6852.9) 
dence, m 0.2089 and p 1.1634 
TABLE ll 
| 
(a) | Regression equation: C 38.2 0.209N 1.163A 
(b) Sums of squares due to regression = 0.209 x 112,495 + 1.163 x 17,061.5 = 43,354.0 
(c) Total sums of squares 45,002.5 
(d) Residual sums of squares 45,002.5 — 43,354.0 1648.5 
(e) 1648.5 ean 4 
| Estimated residual variance (S*) 1023 235.5 
@) lie 6,852.9 0.500 « 10-4 
Gaussian multipliers ¢ 296,210 6,852.9 — (43,507)* 
( an . 21.615 x 10-4 
296,210 6,852.9 — (43,507) 
o 43,507 : 175 10-4 
296,210 6,852.9 — (43,507) 
(g) | Variance (V,) of an individual estimate C, 176, using N, 240 and A, wr 1.5 16 75.4 
| j 235.5 rn 0.500 10-* (240 — 343) 21.615 10-* (75.4 — 89.1)* 2 3.175 ~« 10°* (240 — 343) (75.4 — 89.1) 
| : ( 
690.5 
(h) | Standard error of ¢ Vv 690.5 26.28 
(i) | for 7 degrees of freedom 2.36 
(i) Confidence limits for C, £176 36 26.28 £176 £62 
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obtained from Equation (11); viz.: 
Ci = Cm + m(N, — Nm) + P(A, —_ Am) 


Nm, Am and Cm are known from the analysis of existing heat 
exchangers. To illustrate the computation procedure, 
suppose ten sets of hypothetical values are known for 
previously fabricated mild-steel floating-head heat ex- 
changers, with various working pressures in the range 

0-500 psi. Table I illustrates the necessary computation. 
The values calculated beneath Table I are inserted in 
Equations (9) and (10) to solve for m and p. Thus 
Equation (11) is, for this example, given numerically by: 

C = 213.5 + 0.2089 (N — 343) + 1.1634(A — 89.1) 
er) | 


or C = 38.2 + 0.209N + 1.163A newer 


Hence, the labour cost of a mild-steel floating-head heat 
exchanger, 350 psi working pressure, with 240, 16-ft-long, 
tubes and shell internal diameter of 1 ft 6in. is given by: 

C = 38.2 + 0.209 X 240 + 1.163 (= X 1.5 X 16) 
1e., C = £176. 

Thus it can be seen that the technique of multiple linear 
regression is very useful in analysing previous cost data to 
produce equations such as (12) that can be used to predict 
future costs. The derivation of an equation such as (12) was 
based on the assumption that the labour cost C is taken as 
independently linearly related to each of the variable charac- 
teristics N, A, etc. As stated previously, this assumption has 
been justified by practical experience for the case of heat 
exchangers. Generally, however, it might be expected that 
this assumption would be valid over a restricted range of 
equipment sizes. Thus, although the “‘scatter diagram” might 
indicate a curved plane over a very large range of equip- 
ment sizes, it should be possible to restrict the range such 
that the plane is approximately “flat” over a small region. 

If the linear approximations are found not to be suffi- 
ciently accurate, then Multiple Non-Linear Regression equa- 
tions can be developed by fitting polynomial equations in 
N and A of the form, e.g.: 

C=d+eN+fN?+...cA + BA? +... 
On the other hand, if the cost equations can be expressed in 
the form C = gN?A?, then a simple logarithmic transforma- 
tion reduces the equation to the linear form: 
log C = logg + alogN + blogA 
i.e. C’ = g’ + aN’ + bA’, where C’ = logC, etc. 

This last equation may obviously be analysed in a manner 
analogous to the equation C = 1+ mN + PA. It should be 
remembered that in this case the method of least squares 
minimises the sums of squares of deviations such as 
(log C — log Cr), and not (C — Cpr), in a “scatter diagram” 
(see Fig. 2) of log C vs. log A and log N. 

Finding the simplest, yet adequate, equation is largely a 
matter of trial and error, but quite often simple linear equa- 
tions are found to be sufficiently accurate. In the case of 
two independent variables, N and A, the computation is 
relatively short, but with three or more variables the com- 
putation can be tedious and it is wise to follow the 
computational rules supplied in some text-books.'** The 
use of a calculating machine is a considerable help. 


Accuracy of Estimation 

No mention has so far been made concerning the reliability 
of regression equations, such as Equation (12), derived 
from past data. For the case of heat exchangers, it is the 
author’s experience that it is possible to produce equations, 
in the form of Equation (12), which will predict labour 
costs within an accuracy of 15% of the actual labour cost 
later incurred. It is, however, important to specify the so- 
called confidence limits to the accuracy of the regression 
equation determined from past cost data. For example, if 
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Equation (12) is used to predict the labour cost of a mild- 
steel floating-head heat exchanger, 350 psi working pressure, 
with 240, 16-ft-long tubes and shell diameter of | ft 6 in., 
what are the limits, on either side of the calculated cost of 
£176, within which it can confidently be expected that the 
actual labour cost will eventually lie? The confidence limits 
normally chosen on a quantitative basis are the 95% 
confidence limits; i.e., limits are obtained within which the 
actual labour cost will lie with 95%, certainty. Alternatively, 
this means that there is a 5% chance that the actual labour 
cost will lie outside the limits specified. It should be remem- 
bered that in comparing finally known labour costs with 
the original estimates based on the regression equation, it 
is imperative to ensure that due allowance has been made 
for any change in labour wages between the time of making 
the original estimate and the time at which the final cost 
is known. 

It is not possible in this article to derive in detail the 
formule used in assessing the 95° confidence limits for 
predictions based on the regression equation. The procedure 
is standardised in most texts.’ * * However, the necessary 
steps are listed below. 


Procedure for Calculating 95°(,, Confidence Limits 
for a Single Observation 
For the example given in this article, it is necessary to 
calculate: 
(a) The regression equation: 
C=!1+mN+ pA 


(b) Sums of squares due to regression: 
n n 


mX(C — Cn) (N — Nm) + p(C — Cm) (A _ Am) 
1 1 
where nm = number of sets of C, N and A values 


(c) Total sums of squares: 
n 


= S(C — Cr,’ 
1 
(d) Residual sums of squares: 


(Cc — C,,)® 
1 


n n ) 


- | mS(C — C,,)(N—N,,) + pX(C —C,,) (A — A oj 
1 i 


(e) Estimated residual variance (S*): 


n | n n | 














=x(C—C,,,)? )=(C—C nw (N—N ») + pX(C—C,,)(A—A m) | 
1 1 1 
n—3 
(f) Gaussian multipliers: 
(A — A,,)? 
cu ! 
n n { n ~ 
X(N —N,,)? (A —A,,)? — | ~(4 —A,,)(N — Nw) 
1 1 I 
X(N — N,,)? 
C22 t 
X(N — N,,)® (A —A,,)? (A —A,)(N — Na) 
1 1 I 
X(A — A,,) (N — N,,) 
ci . 
X(N — N,,)? =(A — A,,)? — Ra —A,,) (N — v.)} 
1 1 1 


(g) Variance (Vi) of an individual estimate C,: 

. se . , 18 1 re 2 

V; s*{1 ate a Cl! (N, — N,)? + C**(A, — A,)? 
I 


2C1!2(N, — N,) (A; — An)| 
Continued on page 39 
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THE CORROSION OF CONDENSER TUBES 


The identification, mechanism and prevention of the corrosion of non-ferrous condenser 

by D. G. KINGERLEY* tubes are described. Success in preventing attack on the water side was achieved by paying 

yv. &. attention to metallurgical and design factors; today, interest is directed towards the steam 
side, and treatment must be considered in relation to the whole steam-water system 





Fig. 1. Photomicrograph of intercrystalline penetra- 
tion of aluminium-brass by sea-water containing 
hydrogen sulphide. 





Fig. 2. Corrosion-erosion of brass tube showing 
characteristic horseshoe-shaped grooves. 





Fig. 3. Corrosion-erosion concentrated at the inlet end 
of brass condenser tubes. 


HE corrosion of condenser tubes was one of the most 

serious problems in the field of corrosion prevention, It 
assumed the proportions of a menace in the First World 
War, when it caused more trouble to British ships than the 
German Navy,! and the reduced availability of present-day 
giant turbo-generators through condenser tube failure repre- 
sents a serious economic loss. 

Usually, condenser tubes have been manufactured from 
copper or copper-base alloys because of the excellent resis- 
tance to corrosion, high thermal conductivity and favour- 
able physical properties of these materials. After a few 
days’ service, products of initial corrosion form on the tube 
surface. If these are insoluble, impervious, continuous and 
adherent, they offer protection against further corrosion. 
If, however, these conditions are not fulfilled, corrosion will 
proceed. 

A condenser tube which has failed exhibits characteristics 
indicative of the cause of failure. These fall into three 
groups: the tube is uniformly thinner as a result of general 
wastage; the tube is deeply pitted as a result of localised 
attack; or the tube is cracked, perhaps with little loss of 
metal, as a result of stress. 

These groups may be subdivided further, but the initia- 
tion and progress of any form of attack depends upon such 
factors as condenser design, operating conditions, composi- 
tion of cooling water, and the particular tube alloy bringing 
into prominence certain of the fundamental principles under- 
lying the corrosion of non-ferrous metals and alloys. Some 
of these principles may be conveniently mentioned now. 
Thus, salt solutions in the presence of an oxidising agent 
will cause metallic corrosion unless the corresponding salt 
of the metal is insoluble and can protect the metal from 
further attack. Access of oxygen assists the formation of a 
protective oxide film on the surface of zinc and, thus, has 
an ennobling effect, whereas a deficiency of oxygen renders 
zinc more anodic. 

Oxygen has relatively little ennobling action on the already 
high potential of copper, except at low liquid speeds. Even 
so, the natural potential of copper is much higher than that 
of zinc artificially ennobled by aeration. Immersion in fast- 
moving solutions also has different effects on copper and 
zinc; it aids corrosion of copper by stimulating release of 
metal to maintain the equilibrium number of ions in solu- 
tion and, in accordance with the Moto-Electric Effect, by 
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imposing anodic behaviour with respect to another region 
of the same metal not exposed to such liquid movement, 

In contrast to the behaviour of copper, the electrode poten- 
tial of zinc is almost independent of the concentration of 
zinc ions in solution when this concentration is low. Thus, 
the cells which may operate include: 

Brass, Solution, Aerated Solution, Brass. 
And Brass, Stagnant Solution, Moving Solution, Brass. 

Again, a metal under strain will have a different value of 
electrode potential from the same unstrained metal im- 
mersed in the same solution, and although a properly drawn 
tube surface is structureless,” removal of metal by corrosion 
will eventually expose a less ordered region. At such parts 
of the tube, grain boundaries are often potentially anodic 
centres, and if stifling by insoluble corrosion products can- 
not occur more severe attack begins. This is particularly so 
in heavily polluted waters when intergranular penetration 
proceeds. 

The season-cracking of brass containing residual stresses 
in the presence of ammonia and oxygen results from the 
formation of soluble complexes containing copper ions 
which continually shift the potential of copper in the nega- 
tive direction. In the alpha-beta brasses, the zinc-rich beta 
phase often suffers anodic attack on chloride solutions and 
the preferential corrosion of a network of beta grains 
surrounding an area of alpha phase can cause great damage 
by allowing the relatively unattacked alpha region to fall out 
of place. 

Corrosion of homo-phase alloys is often governed by the 
principle of Parting Limits.’ Preferential removal of the 
base metal leaves an accumulation of the noble constituent 
which prevents further attack. This results in chloride solu- 
tions not attacking the alpha brasses any more severely than 
pure copper. 


General Wastage 

General wastage leads to uniform thinning of the tube 
and is not responsible for as many tube failures as the more 
localised forms of attack. Corrosion occurs because water 
conditions preclude the formation of a protective film and 
proceeds by means of a continuous dissolution of the metal, 
and high concentrations of certain substances have been 
shown to result in serious general wastage. 

Hydrogen sulphide, originating from industrial waste, 
sewage or the action of sulphate-reducing bacteria, prin- 
cipally vibrio desulphuricans, covers the surface of brass 
tubes with a voluminous, insoluble, but non-protective black 
layer. Anaerobic conditions favour the bacterial action, 
which is thus more likely at low water velocities and under 
layers of deposit on the tube. Seasonal variations in corro- 
sion have been shown to be proportional to the concentra- 
tion of hydrogen sulphide in the water. 

Treatment of the cooling water with substances such 
as chlorine and acriflavine to eliminate the bacteria has 
proved remedial, but is impossible on board ship and, except 
in the case of chlorination, is uneconomic for land instal- 
lations operating on open circuit. Carbon dioxide also 
forms a non-protective scale and when present in a con- 
centration high relative to oxygen leads to severe attack. 
Thus, in one instance, of the new tubes of 70/30 brass put 
into service in June some 40% underwent pitting within a 
month, whereas the majority of a number of similar tubes 
installed in the following November had not failed after two 
years, In this case the “aggressive”? carbon dioxide was in- 
capable of dissolving the protective film which had ac- 
cumulated during the winter months, although this is not 
always so. 

Higher summer temperatures appear to be a contribu- 
tory factor to season variations in corrosion, since labora- 
tory exposure of brasses to a 3% sodium chloride showed 
that a temperature rise of 10°C doubled the corrosion rate. 
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Fig. 4a. Aluminium-brass tube showing resistance to 
corrosion-erosion under conditions which attacked an 
arsenical brass tube (4b). 





Fig. 5a. 70/30 brass tube punctured by severe local 
corrosion-erosion caused by partial blockage. 





Fig. 5b. The result of severe corrosion-erosion of 
aluminium brass early in the tubes’ service. 








Fig. 6. Deposit attack. The scabs of corrosion 
products conceal the pits. 








Fig. 7. Plug-type dezincification, showing both inner 
and outer surfaces of a non-arsenical brass tube. 








The presence of acids, perhaps from industrial effluents, 
in the cooling water usually leads to soluble products of 
corrosion, and wastage proceeds. In the case of the brasses, 
the effect of liquid movement on the corrosion of copper 
comes into operation. When the concentration of oxygen is 
low, as in acid mine waters, such agents as the ferric ion 
are capable of fulfilling a similar role and corrosion still 
occurs. It has also been shown that cupric salts acting as 
oxygen carriers accelerate the corrosion of copper by dilute 
acids.‘ The metal, undergoing attack, reduces cupric ions to 
the cuprous state from which the divalent condition is 
achieved with the aid of oxygen. The cycle is then repeated. 
A similar mechanism probably operates in the corrosion of 
copper by ammonia,’ in the presence of oxygen, the am- 
monia sometimes arising from bacterial action in the cooling 
water. 

Heavily polluted waters lead to intercrystalline attack, 
and it is believed that the presence of larger amounts of 
arsenic, antimony or particularly phosphorus, than are 
necessary for the inhibition of dezincification, render the 
tube susceptible to such penetration (Fig. 1). The presence 
of large quantities of hard, solid particles, such as sand, in 
the cooling water occurs under certain estuarine conditions. 
This material has an abrasive action, comparable to “shot 
blasting”, on the tube surface, particularly the lower side, 
and assists in the removal of the protective film. Although 
abrasion is not itself a form of corrosion, it prepares the 
way for it. Incorrect cleaning of the tubes with, for example, 
hard wire brushes has a similar effect and should be avoided. 

There are two main types of localised attack: corrosion- 
erosion and deposit attack. 


Corrosion-erosion 

Corrosion-erosion, or impingement attack, often pro- 
duces crescent- or horseshoe-shaped grooves on the tube 
surface, with the bend of the horseshoe pointing upstream; 
the grooves, often undercut, are usually free of corrosion 
products. The first few inches of the inlet end of the tubes are 
often the only damaged areas, although in severe cases 
attack occurs along the entire length of the tube. Intense 
local attack at any other point usually results from a partial 
tube blockage close to the point of corrosion (Figs. 2, 3, 
4b and 5). 

The corrosion is due to conjoint chemical-mechanical 
action in fast-moving turbulent water. In a tube of 3} in. 
diameter the flow of water becomes turbulent when the 
velocity reaches 2.2 ft/sec. The velocity in land condensers 
is usually 5-7 ft/sec, and that in marine installations about 
15 ft/sec, Thus turbulence always exists. Sudden changes in 
direction of flow and in cross-sectional area of the induction- 
system will increase this turbulence and tend to release dis- 
solved gases from solution, thereby forming bubbles. These 
gases will be redissolved with difficulty. Thus the tube sur- 
face will be subjected to suction when low pressure regions 
are formed. When a bubble in contact with the tube col- 
lapses, the movement away from the metal produces a 
suction, but the rapid movement of water towards the wall 
results in an impact upon it. Considerable damage to the 
protective film thus occurs, and the bare metal is exposed 
to corrosive attack by the cooling water. Also, some ad- 
herence of film to bubbles probably takes place. At certain 
places, particularly at the inlet end or near a local obstruc- 
tion, the tube is constantly exposed to corrosion-erosion in 
this way and depolarisation of cathodic areas by air in the 
bubbles may also contribute to corrosion. Serious cases of 
impingement attack have caused failure in a few weeks of 
particularly susceptible tubes such as 70/30 brass or 
Admiralty mixture. Very aggressive cooling waters also con- 
tribute to early failure. 

The use of higher water speeds in large modern installa- 
tions led to more trouble from this form of attack, and 
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therefore called for more attention to be paid to the design 
of such units. 

The design of water-boxes, injection nozzles and piping 
should be streamlined to avoid sudden, angular changes in 
direction, low pressure pockets, and any other obstruction 
to smooth flow, which may cause local high velocity and 
increased turbulence. The shape of sacrificial anodes of 
iron, steel or zinc, for example, when these are used to 
confer cathodic protection from galvanic attack on the 
tube-end plates, must be considered in this respect. Stream- 
lined entry into the tubes is assisted by the use of flush-fitting 
ferrules, or by expanding the tubes at the inlet end, and 
countersinking the tube ends to allow a flush fit into the tube 
plate. The injection nozzle should gradually increase in 
area and curve smoothly into the water-box, which should 
be vented to by-pass air into a section of the discharge pipe 
at lower pressure. Similar care should be directed towards 
the circulating pumps. The presence of barriers in the 
vortices has been shown to prevent funnelling of the water, 
and sealing the glands with water at higher pressure prevents 
the entry of air. 

Temporary methods of prevention of attack include the 
coating of the tube surface with a bituminous preparation, 
or a paint containing zinc dust. Such measures reduce heat 
transfer to some degree, and in the former instance are not 
applicable in tropical waters. When impingement attack is 
confined to the inlet end of the tube lead inserts have been 
used with success, and recently these have been manufac- 
tured from a plastic material. 


Advances in Protection 

The most successful advances in protection have been 
metallurgical. For example, the presence of 2%, of alu- 
minium in 70/30 brass increases the resistance to corrosion- 
erosion.® But this addition raises the fictitious zinc content; 
therefore, to preserve the alpha structure, more copper must 
be added. This gives an aluminium-brass containing 76%, 
copper, 22%, zinc and 2%, aluminium, and this type of alloy 
has resisted impingement attack entirely, undergoing only 
slight dezincification, under conditions which attacked an 
arsenical 70/30 brass, and caused an arsenic-free brass to 
suffer severe dezincification (Figs. 4a and 4b). 

Electrode potential measurements showed the projection 
to be due to a self-healing film on the metal. The potential 
decreases if the aluminium-brass is scratched, but quickly 
rises to a noble value as the film of aluminium oxide, 
possibly hydrated, is reformed. 

Brasses without aluminium are covered by no such film. 
The presence of 0.02%, of arsenic is still necessary if the tube 
is to be immune from dezincification and this amount does 
not affect the resistance to corrosion-erosion.’ The resistance 
of bronzes containing more than a 10%, content of tin is 
due, probably, to a similar protective film, capable of self- 
repair.° 

Very severe impingement attack will damage an alu- 
minium-brass tube because the film will be unable to reform 
under the rapid bombardment (Fig. 5). This is especially 
the case with a newly-installed tube if the film has not 
developed completely, and under such conditions one of the 
cupro-nickel alloys is likely to be more resistant. 

Alloys of copper with 10, 15, 20 and 30%, of nickel 
have also been used, and although their introduction took 
place at much the same time as that of aluminium-brass, 
the manufacturing difficulties are greater. Of the pure cupro- 
nickel alloys, resistance to corrosion increases with the nickel 
content, and again results from a hydrated oxide film which 
develops on the surface during the first few days’ immersion 
in water. The surface film is strengthened by the addition 
of 0.75% each of iron and manganese to the alloy, and 
increasing each of these additions to 2%, improves the 
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resistance to corrosion even more. Additions of this magni- 
tude to a 90/10 cupro-nickel tube confer corrosion- 
resistance equivalent to that of a 70/30 cupro-nickel which 
does not contain iron and manganese. 

The performance of tubes of varying nickel content, with 
and without these additives, during the past twenty years 
has given rise to much argument about their relative merits, 
but the most resistant of them is probably 70/30 cupro- 
nickel with 2% of each additive.’ This alloy is usually 
recommended for estuarine waters of high suspended solids 
content, condition which would cause aluminium brass to 
fail; in addition, the cupro-nickel alloys are less prone to 
fatigue-failure. 

Contemporary use of titanium under estuarine condi- 
tions will provide data for further comparisons. Its general 
resistance to both corrosion and fatigue is well known, and 
titanium tubes have shown remarkable immunity from 
attack under corrosion-erosion conditions during trials. 


Deposit Attack 

This form of corrosion occurs on brass tubes as pits, 
often containing cuprous oxide, under or adjacent to various 
foreign bodies or regions of corrosion products, particularly 
non-protective sulphide scale (Fig. 6). 

These foreign bodies, such as stones, twigs, leaves, mol- 
luses, sand particles, alge and oil drops, in combination with 
a low cooling water velocity are the causes of this kind of 
attack. These conditions permit the differential aeration cell 
to operate. The region of metal screened by the deposit 
becomes anodic to the unscreened area, to which air has 
more access. Severe pitting results when a small deposit is 
surrounded by a much larger area of cathodic undamaged 
film. 

According to another viewpoint, corrosion starts at for- 
tuitous breaks in the protective film, perhaps caused by the 
deposit on arrival; the corrosion products adhere to 
the deposit and thus are prevented from arresting further 
attack on the tube. It is also thought that products of de- 
composition of organisms assist in corrosion, although it is 
not known yet whether any organisms can function as 
cathodic depolarisers on non-ferrous tubes. Removal of 
the deposit does not always prevent attack from continuing, 
owing to the tendency of copper to corrode more rapidly in 
faster moving water. 

Thirty years ago, under the conditions favouring deposit 
attack, particularly when the oxygen content of the cooling 
water was low, a frequent cause of tube failure was dezincifi- 
cation of the brass. Beneath the corrosion product, often 
discoloured white basic zinc salts, the brass was converted 
to copper either in small plugs penetrating the tube wall 
(Fig. 7), or over large areas of tube surface giving the ap- 
pearance of a copper-lined brass tube. 

The electrochemical explanation of this phenomenon 
presupposes an initial attack on both the copper and zinc 
constituents of the brass, and the tube alloys then in use were 
susceptible to such corrosion, for both Muntz metal and 
insufficiently heat-treated alpha brass contain the potentially 
anodic zinc-rich beta phase,” and can undergo dezincifica- 
tion in chloride solutions especially. There then remains a 
small amount of residual copper together with local corro- 
sion products containing basic salts of both zinc and copper. 

The electrolytic cell—brass, solution containing copper 
salts, copper—can operate under these conditions. At the 
brass anode both copper and zinc ions pass into solution, 
allowing oxygen equivalent to the zinc, to undergo cathodic 
reduction to hydroxyl ions. However, an amount of copper 
electrochemically equivalent to that dissolving at the anode 
is redeposited on the cathodic copper-rich areas. Such a 
mechanism is not hindered by any consideration of Parting 
Limits and to the extent that the presence of copper salts 
in the corrosion products is essential for its initiation, the 
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mechanism is autocatalytic. The redeposited copper has little 
mechanical strength and the plugs produced are often 
porous. BENGOUGH, who proved the redeposited nature of 
the copper, preferred the term “Apparent Dezincification” 
for this corrosion mechanism. 

The presence of 0.02%, of arsenic in alpha-brass prevents" 
dezincification, both copper and Zinc salts appearing in the 
corrosion products. Antimony and phosphorus in similar 
amounts also confer such immunity without altering the 
mechanical properties of the alloy. The protection afforded 
to a homophase brass which has undergone correct heat 
treatment and contains a dezincification inhibitor is ex- 
plained by the absence of an overall excess of zinc, and of 
high local concentrations, Thus, potentially anodic zinc- 
rich spots are few and a small concentration of inhibitor 
prevents dezincification. More detailed information is given 
by electrode potential measurements on the cells: 

Brass, concentrated sodium chloride, dilute sodium 

chloride, brass, 

Brass, moving sodium chloride, stagnant chloride, brass, 

Brass, sodium chloride, cuprous chloride, copper 
showed that there was little difference in the currents 
developed whether the electrodes used were non-arsenical 
brass or contained 0.02% of arsenic. But the use of arseni- 
cal brass in the cell: 

Brass, unaerated sodium chloride, aerated sodium 

chloride, brass 
gave a smaller current than non-arsenical brass. 

This suggests the importance of the differential aeration 
cell in this type of attack. Experiments with a modified 
form of Brennert apparatus suggest that the protection 
afforded is due to a film of arsenic, or arsenious oxide, 
which prevents anodic dissolution of copper without inter- 
fering with copper deposition when the brass is made 
cathodic. 

Whilst the use of arsenical brass largely prevents apparent 
dezincification, resistance to other forms of corrosion is not 
increased. 


Resistance to Dezincification 

No dezincification inhibitor has been found for the alpha- 
beta brasses, and bismuth actually stimulates such preferen- 
tial corrosion of Muntz metal. This is probably because, in 
the heterophase alloys, the entire beta-phase is potentially 
anodic and a small amount of additive is unlikely to prove 
successful. 

The tendency to dezincify is resisted better by brasses of 
low zinc content and, of course, by copper tubes. Such 
materials, however, are susceptible to other forms of corro- 
sion. Thus, red brass (85% copper, 159%, zinc) falls in this 
category, being also more immune to stress-corrosion crack- 
ing than those containing more zinc. Arsenical copper (0.15- 
0.5°% arsenic), which has a high fatigue limit, and deoxidised 
copper (99.9 plus) have both been used successfully in 
fresh water, but have failed rapidly under other conditions. 
With the cupro-nickel alloys the problem of dezincification 
does not arise. A form of preferential attack, analogous to 
dezincification, on the aluminium-bronzes has _ been 
reported. 

The more general problem of deposit attack can be 
solved entirely by preventing the entry of foreign bodies into 
the tubes. Adequate screening ‘of the cooling water is com- 
mon practice and very small objects which escape this pro- 
cess are removed by frequent brushing of the tubes. 
Chlorination kills alge and small shellfish and so prevents 
their growth on the tubes. The resistance of aluminium- 
brass to deposit attack is increased by the presence of 0.04% 
of arsenic, a larger amount than is necessary for the inhibi- 
tion of dezincification. The high tin-bronzes containing 12%, 
of tin offer good resistance, and their performance as well 
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as that of the cupro-nickel alloys is enhanced by a pre- 
treatment in oxygenated sea-water before installation. 

In the absence of solid foreign bodies, a type of deposit 
attack which may still occur is known as Benedicks’ Hot 
Wall action. This form of localised corrosion appears, in the 
first instance, as green nodules of copper corrosion product 
covering pits containing cuprous oxide crystals, and occurs 
on the sites of repeated bubble formation such as scars on 
the tubes. 

[he important difference in mechanism from corrosion 
beneath extraneous solid matter is that here the presence of 
oxygen in the bubbles induces cathodic behaviour of the 
metal so screened, 

The tube surface on the water side of the bubble peri- 
phery will undergo anodic attack if the protective film 
is weakened in any way. When the oxygen content of the 
bubble is exhausted, the nitrogen remains, and the 
mechanism is reversed and conditions are analogous to those 
in the presence of a solid object. The possibility of corrosion 
products adhering to the bubble-water interface rather than 
stifling further reaction also exists, along with that of local 
increases in concentration of corrosive constituents of the 
water accompanying bubble formation. But the main danger 
from this type of attack is the accelerating effect of heat 
on the corrosion reactions. 

The remedy is to increase the velocity of the cooling water 
and thus prevent the local overheating which leads to bubble 
formation. Further, the more common use now of tubes 
which owe their corrosion resistance to a well-developed 
protective film which does not become greatly roughened 
in service helps to eliminate such conditions. 

Off-load condensers containing stagnant water will suffer 
similar corrosion, although less severely in the absence of 
heat, beneath bubbles. Thus, the cooling system should be 
filled with clean water when the set is out of commission for 
any length of time. 

The above considerations apply to the water side of steam- 
condensers. Brief mention must be made of the use of 
tinned tubes before attention is centred on the corrosion of 
the steam side, 

Tinned brass tubes, which were once in widespread use, 
have been subjected to all of these conditions, and their 
resistance appears to depend greatly on the type of water, 
being greater in sea-water. In certain fresh waters, however, 
the corrosion rate increases rapidly when the tin has been 
removed, probably because the alloy layer formed during 
tinning acts cathodically with respect to the tube alloy. 


Corrosion of the Steam Side of the Tubes 

The design of condensers sometimes allows the accumu- 
lation of concentrations of incondensible gases, principally 
ammonia, but also sulphur dioxide and carbon dioxide. 
Very corrosive solutions may thus form, being sufficiently 
strong to cause a deep grooving, even of unstressed brass 
(Fig. 8). 

Copper tubes, similarly, are dissolved away where a film 
of such liquid meets them. 

Relatively minor changes in design usually prevent the 
formation of these gas-pockets, although in severe cases 
the use of a cupro-nickel alloy is necessary. 

Anti-corrosive measures on the steam side must be con- 
sidered along with their possible effect on the whole system. 
For instance, the corrosion of feed-lines varies from a 
general wastage, due to carbon dioxide (indicated by low 
pH) and small amounts of oxygen, to localised pitting when 
large amounts of oxygen are present. In severe cases, the 
metallic oxides so removed travel to the boiler and cause 
intense corrosion there. It is therefore desirable to remove 
these gases or to inhibit their action. 

The amount of carbon dioxide in the condensate depends 
upon the composition of the raw water and upon the type 
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of treatment used for the boiler feed-water, since water con- 
taining free carbon dioxide, carbonates or bicarbonates 
liberates carbon dioxide on heating and certain chemical 
treatments. 

Water which is untreated, or conditioned in the boiler 
with sodium carbonate, caustic soda (alone or in conjunction 
with phosphate) or certain tannins, liberates carbon dioxide 
into the steam. The hot lime-soda process produces a 
greater reduction in the carbon dioxide content than precipi- 
tation in the cold, and hot lime/zeolite is even better. Simple 
base-exchange, however, removes none. 

The sodium carbonate in the feed-water from any of these 
methods of softening is hydrolysed to caustic soda in the 
boiler to a degree depending upon the temperature and 
pressure and is given by the Straub curves. Base-exchange/ 
acid and H/Na ion exchange followed by degassing and, 
often, by mixed-bed demineralisation leave only a trace of 
carbon dioxide. Generally, however, some carbon dioxide 
will remain in the feed-water. 

Oxygen enters the system both in make-up water and 
through leaks in the condensate and feed systems. 

Efficient mechanical (thermal) deaerators are available 
which remove oxygen down to 0.002 ppm, and it has been 
stated" that chemical scavenging is unnecessary in conjunc- 
tion with such equipment under steam conditions of 900 psi 
and 900°F. When such high performance plant is not avail- 
able, various chemical methods can be used to inhibit the 
effect of oxygen and carbon dioxide. Injection of caustic 
soda or sodium phosphate into the steam has been tried in 
order to produce an alkaline condensate, but contaminated 
steam is undesirable for much process work, and in steam- 
turbine practice clean steam is necessary to avoid blade 
deposits. 

Although.these objections do not apply to the addition of 
ammonium salts to boiler-water when the ammonia evolved 
combines with carbon dioxide and so increases the alkalinity 
of the condensate, there exists the possibility of corrosion of 
copper-base alloys used for fittings as mentioned above. (The 
reason why German systems using ammonia were free from 
corrosion is that steel tubes and components were widely 
used at that time.) 

Scavengers for oxygen have been used in the form of 
tannins, sodium sulphite and hydrazine. Tannins are still 
widely used at lower boiler pressures and have the advantage 
of promoting easy removal of old scale. With the intensifica- 
tion of steam conditions, the objections to sodium sulphite 
are the high weight-ratio (sodium sulphite : oxygen = 8: 1) 
and its decomposition above 500°F into reducing material 
(sulphide) and sulphur dioxide, both of which attack brass. 


Hydrazine Treatment 

Recent work on the use of hydrazine is encouraging: 
of the three reactions known to occur in a boiler undergoing 
treatment, the first (a), hydrazine, removes oxygen at the 
expense of no increase in dissolved solids and the volatile 
hydrazine increases the alkalinity of the system. Next (b) 
ferric oxide under the influence of hydrazine is converted to 
magnetite (but is reduced no farther"). and so produces a 
solid reserve of deoxidant. Finally (c), the decomposition 
of excess hydrazine to nitrogen and ammonia is negligible 
below 350°F. 

Only (c) has been considered to be unfavourable,’ and 
STRAUB states that more than 0.02 ppm excess hydrazine 
leads to the liberation of dangerous amounts of ammonia; 
he therefore advocates the use of hydrazine in conjunction 
with sodium sulphite. 

In this country the use of hydrazine has reduced corrosion 
of feed lines, and has arrested corrosion in feed water- 
heaters.” 

The volatile amines, cyclohexylamine and morpholine, 
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can be introduced to the condensate in amounts sufficient 
to combine with the carbon dioxide and to leave a slight 
excess to produce an alkaline condition. A decreased ten- 
dency to corrode has been observed in that rates of copper 
pick-up were reduced," and copper pick-up is stated to be 
greater with morpholine than with cyclohexylamine.” 

Yet more recently, filming amines have been used. These 
substances, of which octadecylamine is typical, form a 
monomolecular, water-repellent layer on the metal surface 
and inhibit the attack of corrosive agents. Filming amines 
are insoluble in water, and must be added as a dispersion. 
They are without effect on pH or conductivity, but are pre- 
cipitated by highly alkaline conditions. Excellent results 
have followed their use, and they are to be preferred at high 
carbon dioxide contents to neutralising amines, which would 
then be needed in large quantities. 

A further advantage to be had with filming amines is 
their promotion of dropwise, rather than filmwise, con- 
densation and consequent increase in the conduction of heat 
through the surface. 

Steam erosion is not a true form of corrosion, and is due 
to a mechanical wearing of the tubes by impingement of 
steam, usually at auxiliary inlets (Fig. 9). It may be prevented 
by the introduction of baffles. 

Impingement attack of the external tube surface occurs 
when the ferrule packings leak, and follows the mechanism 
described for this form of attack on the internal surface 
(Fig. 10). Corrosion is prevented by re-packing the tubes to 
correct the leaks. 


The Effect of Stresses 

The presence of stresses leads to early tube failure, which 
is accelerated by corrosive media. Conditions which in the 
absence of stress cause pitting will cause fissure-formation 
and lead to an intensification of stress when a state of strain 
exists. Static stresses may be residual, which is unlikely 
with modern methods of manufacture, or applied, as a result 
of incorrect installation, Such a condition leads to inter- 
crystalline cracking of the tube, usually along its length 
(Fig. 11). 

Fatigue cracking occurs under conditions which impose 
an alternating stress on the tube such as vibration or large 
changes of temperature. The cracks are trans-crystalline and 
usually run across the tube (Fig. 12). Modifications to the 
design to prevent the vibration, or the operating conditions, 
when large temperature changes are thought to be respon- 
sible, reduce the risk of this type of failure. 
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in such plant is discussed quantitatively 





by G. S. CRIBB* 


1. Introduction 

OWN gas, as manufactured from coal, oil or other 

hydrocarbons, contains water vapour originating from 
one or more of five sources. CRADDOcK' discusses in detail 
the contribution from moisture in the fuel, oxygen in the 
fuel, steam addition to the gas-making unit and evaporation 
of aqueous liquor brought into intimate contact with the 
gas as it leaves the gas-making unit. In the catalytic gasifica- 
tion of hydrocarbons, there is a further source of water 
vapour, It is possible to absorb oxygen on to the catalyst 
during the blow cycle, which reacts with the hydrogen and 
carbon in the feedstock during the make cycle, to form 
water vapour and carbon monoxide and dioxide. The result- 
ing dewpoint of the manufactured gas may vary from 140°F, 
for horizontal retorts without scrubber standpipes, up to 
190°F for certain types of catalytic oil gas plants. In hori- 
zontal retort settings there is no steam addition and unless 
scrubber standpipes are fitted, most of the sensible heat is 
dissipated before the gas is contacted with liquor in the 
hydraulic main. The temperature of the gas leaving the 
catalyst bed in catalytic processes (870°C) is higher than in 
carbonising processes. In addition, the gas is accompanied 
by appreciable quantities of water vapour comprising un- 
decomposed steam and water formed by the hydrogen- 
oxygen reaction. If none of this sensible heat is recovered 
in a regenerator, the evaporation of circulating liquor in the 





* Mr. Crise is the leader of the chemical engineering group of the Fulham 
Research Laboratory of the North Thames Gas Board, where, apart from 
one year in the U.S.A on an E.C.A. Fellowship, he has been employed since 
1949 
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A catalytic oil-gas plant at 
Romford; before purification, 
appreciable quantities of 
water vapour have to be 
removed in a cooler- 
condenser. (Photo by courtesy 
of the North Thames Gas 
Board.) 


THE COOLING AND DEHUMIDIFICATION 
OF MANUFACTURED GAS 


In this article a design method is developed which, in conjunction with tabulated values of properties of the 
town-gas water vapour system, may be applied in reverse, without trial and error procedures, to obtain 
coefficients from performance data for cooler-condensers employed by the gas industry. The formation of fog 


sprays and wash box is over twice that occurring on a 
carburetted water gas plant. 

Before the gas can be purified, the dewpoint or saturation 
temperature must be lowered in a cooler-condenser and an 
approach of 5°F to the cooling water temperature is con- 
sidered to be a suitable basis for the design of such a unit. 
The mechanism involved is that of simultaneous heat and 
mass transfer, and in a previous paper® a method was 
developed for combining the two driving forces into a 
single potential for the transfer of total heat or enthalpy. 
Such a method is well established for the design of cooling 
towers, where the combined potential approximates to the 
enthalpy of the moist air, The two simplifying assumptions 
which permit this approximation are that the ratio of heat 
to mass transfer coefficients is equivalent to the humid heat 
of the moist air (A¢/keS=1) and that humidity is the driving 
force for mass transfer. Unfortunately, neither of these 
assumptions holds for the dehumidification of hydrogen- 
rich gases over the temperature range specified. 


2. The Theory of Simultaneous Heat and Mass 
Transfer for the System Water-Town Gas 


Values for the ratio he/ka (E) and the humid heat (S) 
have been experimentally determined, for a typical town 
gas, using a specially constructed hygrometer in conjunction 
with a wetted-wall column.’ The dimensionless group /hg/ 
ke S, known as the Lewis number, was approximately 1.5 
over the range of temperature considered, namely 75-90°F. 
E was 32.3 Btu/(S.G.V.)°F and § 21.1 Btu/(S.G.V.) °F, 
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the latter value being in good agreement with that obtained 
by expressing § as the sum of the specific heat of the dry 
gas (20 Btu/(S.G.V.) (°F)) and the specific heat of the water 
vapour carried (0.45 H). As the saturation temperature of 
the gas approaches 200°F the humidity, and thus the humid 
heat, increases sharply, e.g., at 180°F, S is equal to 42.1 Btu 
(S.G.V.) °F; thus it is evident that S cannot be equated to 
the transfer coefficient ratio E. 

Above 120°F the fraction of the enthalpy change in 
saturated gas that is attributable to sensible heat is less than 
10°, and the major error in taking the enthalpy of moist 
gas as the potential for total heat transfer is the assumption 
that humidity difference is the driving force for mass trans- 
fer. The true driving force or potential difference for the 
steady state diffusion of one gas through a second stagnant 
gas is given by SHERWOOD and PIGFORD* as 

In ((P — pa)/(P — pi)] 
This may be rewritten as 


In( = ) =n ( A ) 
- Pi P —pG 
The humidity difference H; — He is equal to 

Ceri mes, 


Comparing the two expressions, the true potential for mass 
transfer is the humidity multiplied by a factor z where 








HH 


ee 








Symbols Used 

A “standard gas volume” (S.G.V.) is equivalent to 
1000 cu. ft of gas saturated with water vapour at 60°F 
and a pressure of 30 in. of mercury. 


A = area of transfer surface [ft*); 
B and C = integration constants; 
E =ratio of transfer coefficients ha/ke 
[Btu/(S.G.V.) (°F)]; 
G = gas flow [(S.G.V.)/hr]: 
H = humidity [lb/(S.G.V.)]; 
K = overall coefficient of enthalpy or mass trans- 


fer [Btu/ft? hr (A4)] or [Ib/ft? hr (A2H)]; 

L = mass flow of liquid [lb/hr]; 

P = total pressure [in. Hg]; 

Q = flow of total heat [Btu/hr]; 

R = S/(dia/dt); 

S = humid heat ce + ceH [Btu/(S.G.V.) °F]; 

U =overall heat transfer coefficient [Btu/ft® 
hr °F]; 

V = water velocity [ft/sec] 

a = dimensionless factor, GdHcy/ha dA; 

b = differentiation constant; 

c = specific heat [Btu/(S.G.V.) °F] or [Btu/Ib 
°F ° 


d = pipe diameter [in.]: 
f = dimensionless factor, a/(e* — 1); 
h = film heat transfer coefficient [Btu/ft® hr °F]; 
; = enthalpy of gas [Btu/(S.G.V.)]; 
k = film coefficient of enthalpy or mass transfer 
[Btu/ft? hr (A9)] or [Ib/ft® hr (A2A)): 
m = slope of chord (6; — 41)/(ti — tr) 
[Btu/(S.G.V.) °F]: 
m’ = slope of chord (ig — i) /(te — ti) 
[Btu/(S.G.V.) °F]: 
mo = slope of tangent dé/dt [Btu/(S.G.V.) °F]: 
Pp = partial pressure of diffusing vapour [in. Hg]; 
q = heat flux through gas film [Btu/hr ft’); 
t = temperature [°F]; 
z = fractional distance through the gas film; 


« = humidity correction factor: 

\ = latent heat [Btu/Ib]; 

6 = enthalpy transfer potential [Btu/(S.G.V.) °F]. 

Subscripts 

G = gas phase condition or temperature; 

i = interface condition or temperature; 

L = liquid phase condition or temperature; 
O =reference condition (32°F) except in case of 


Mo. 
V = vapour phase condition. 
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Values of « are listed in Table I and it will be observed that 
the assumption of humidity as the driving force is a reason- 
able approximation up to 100°F. The error at higher tem- 
peratures may be gauged from a consideration of mass 
transfer driving force between saturated gas at 180°F and 
gas in equilibrium with water at 160°F. The humidity 
difference (Table I) is 49.19 — 22.39 = 26.80 Ib/(S.G.V.). 
The true driving force is (0.686 X 49.19) — (0.819 x 22.39) 
= 15.40 1b/(S.G.V.). The error is therefore 75%. 

The partial pressure difference expressed in terms of 
water vapour concentration in the mixture of gas and water 
vapour is 23.94 — 15.12 = 8.82 lb/1000 cu ft of space. The 
convention “lb/cu ft of space” is a method of expressing a 
vapour pressure as a weight/volume concentration. For 
example, a humidity of 49.19 1b/(S.G.V.) corresponds to 
2.73 lb moles of water vapour associated with 2.59 moles 
of carrier gas. The humidity values apply only to a total 
pressure of 30in. Hg, but the partial pressure of water 
vapour, namely 0.513 atm. or 15.39 in. Hg, is independent of 
the total pressure. At a total pressure of Patm. the mole 
fraction of water will be 0.513/P, but at this pressure, 
1000 cu ft will be occupied by 2.59 P moles of the mixture, 
containing 2.59 X 0.513 moles of water vapour or 23.94 lb. 
Thus the vapour pressure of water at any temperature may 
be expressed as a weight/volume concentration which is 
independent of pressure. It will be observed that the partial 
pressure driving force is less than the true driving force and 
the correction factor applied is termed the “log mean partial 
pressure of the non-diffusing gas” which, in this case, is 
equal to 0.576 expressed as a fraction of the total pressure. 
Hence the true driving force by this method is 8.82/0.576 = 
15.31 Ib/(S.G.V.). 

The slight discrepancy in the values arises from the fact 
that the x values in Table I are based on the vapour pressures 
of water from the steam tables of KEENAN and KeEyYEs.® The 
humidity values, on the other hand, have been taken from 
Spiers’ and are not based on the same vapour pressure 
values. 

The use of the correction factor « in conjunction with 
humidity thus enables the driving force for mass transfer 
to be expressed accurately as the difference of a potential 
which may be combined with temperature. 

The sensible heat transfer is given by 

—GSdtg = he (te — ti) dA orhcAtdA 

The mass transfer is given by 

—GdHe = ke [e@M)« aa (2H);] dA coos (5) 
or ke A (2H) dA 

The enthalpy of moist coal gas may be expressed as: 

ig = S(te — to) + AoHea oootee 

= ce(te — to) + cv Hcl(te — to) + AoHe cone 

Differentiating w.r.t. to temperature, considering H and tf as 

variable 

dic = ccdt + Cr Hedt + Crd Helte _ to) + AodHe cove (8) 

= Sdt + [c.(te — to) + Ao] dHe er 

The second term may be rewritten in terms of ;, the latent 

heat at the interface temperature, since this is the tempera- 

ture at which the condensing vapour gives up its latent heat. 

., dig = Sdt + cv dHe (te — t))+-Ai dHe + cx (ti — to) dHe 

Sl 

The significance of the four terms on the R.H.S. of Equa- 
tion (10) is as follows: 

Sdt is the sensible heat change in the bulk of the gas; 
c, dH¢ (te — ti) is the sensible heat accompanying the 
diffusing vapour; \;dH¢ is the latent heat of the water 
vapour condensing at the interface temperature ft, and 
c.(t — to) dHe is the sensible heat above 32°F (to) of the 
water transferred. 

If there is an appreciable transfer of matter across the 


. (4) 
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TABLE I—Humidity and Enthalpy Data for Town Gas Saturated with Water Vapour 












































Enthalpy [ransfer 
Temperature, Humidity Enthalpy Potential Humid Heat Correction 
F Ib/(S.G.V.) Btu (S.G.V.) Btu/(S.G.V.) dH dt di/dt d6/dt Btu/S.G.V. °F Factor 
t H i 4 m Ss x 
40 0.390 581 675 0.0162 37.67 48.8 20.18 0.996 
4! 0.406 616 723 0.0165 37.99 49.1 20.18 0.996 
42 0.422 652 772 0.0168 38.34 49.5 20.19 0.996 
43 0.439 689 822 0.0172 38.79 49.9 20.20 0.995 
44 0.457 727 872 0.0176 39.24 50.3 20.21 0.995 
45 0.475 767 924 0.0182 39.90 50.7 20.21 0.995 
| 46 0.493 808 975 0.0187 40.46 51.3 20.22 0.995 
47 0.512 850 1028 0.0192 41.02 52.0 20.23 0.995 
48 0.531 893 1081 0.0198 41.69 §2.7 20.24 0.994 
| 49 0.552 937 | 1134 0.0204 42.35 §3.3 20.25 0.994 
50 0.573 982 1189 0.0212 43.24 54.0 20.26 0.994 
5! 0.594 1027 1243 0.0220 44.13 54.8 20.27 0.994 
| 5? 0.618 1073 1299 0.0229 45.12 §5.7 20.28 0.994 | 
$3 0.641 1119 1356 0.0238 46.12 56.5 20.29 0.993 
54 0.665 1166 | 1413 0.0248 47.23 57.3 20.30 0.993 
| 55 0.691 1213 1472 0.0257 48.23 $8.2 20.31 0.993 
56 0.711 1261 1531 0.0266 49.23 59.1 20.32 0.993 
| 57 0.744 1310 1591 0.0275 $0.23 60.0 20.34 0.992 | 
| 58 0.771 1359 1652 0.0284 $1.24 61.0 20.35 0.992 
| 59 0.799 1410 1713 0.0293 $2.24 62.1 20.36 0.992 
60 0.829 1462 1776 0.0307 §3.25 63.0 20.37 0.991 } 
61 0.860 ISIS 1839 | 0.0312 $4.37 64.0 20.39 0.991 
62 0.891 1569 1904 0.0322 55.48 65.0 20.40 0.991 
63 0.923 1625 1970 0.0322 56.60 66.0 20.42 0.991 | 
| 64 0.957 1682 2036 0.0342 $7.72 67.0 20.43 0.990 | 
65 0.992 1741 2104 0.0352 58.84 69.1 20.45 0.990 
66 1.028 1800 | 2172 0.0362 59.97 69.2 20.46 0.990 
67 1.065 1861 224? 0.0374 61.39 70.3 20.48 0.989 
68 1.103 1924 2313 0.0388 62.87 71.3 20.50 0.989 
69 1.142 1989 2385 0.0402 64.44 72.5 20.51 0.988 
70 1.183 2055 2459 0.0416 66.01 73.7 20.53 0.988 
| 71 1.225 2120 2534 0.0429 67.46 75.0 20.55 0.987 
72 1.269 2190 2611 0.0442 68.93 76.3 20.57 0.987 
73 1.314 2260 2689 0.0455 69.23 77.5 20.59 0.986 
74 1.360 2330 2767 0.0468 71.85 79.0 20.61 0.986 
75 1.408 2410 | 2848 0.0483 73.54 80.5 20.63 0.985 
76 1.457 2480 2929 0.0498 75.23 82.0 20.66 0.985 
77 1.507 2550 3012 0.0518 77.46 83.5 20.68 0.984 | 
78 1.559 2630 3097 0.0528 78.61 85.1 20.70 0.984 
79 1.613 2710 3183 0.0545 80.52 86.8 20.73 0.983 
80 1.669 2790 3271 0.056? 82.44 88.5 20.75 0.983 
81 1.727 2870 3359 0.0580 84.46 90.3 20.78 0.982 
82 1.787 2950 3451 0.0600 86.70 92.0 20.80 0.981 
83 1.848 3040 3545 0.0620 88.97 94.0 20.83 0.980 
84 | 1.910 3130 3639 0.0640 91.22 96.0 20.86 0.979 
85 | 1.975 3220 3736 0.0660 93.48 97.9 20.89 0.979 
86 2.042 3320 3834 0.0683 96.07 99.9 20.92 0.978 
87 2.111 3420 3953 0.0705 98.55 102.0 20.95 0.978 
88 2.183 3520 4083 0.0727 101.04 104.0 20.98 0.977 
89 2.256 3620 4142 0.0750 103.64 106.0 21.02 0.976 
90 2.332 3730 4249 0.0773 106.26 108.0 21.05 0.976 
91 2.410 3840 4357 0.0798 107.07 110.0 21.08 0.975 
| 92 2.490 3950 4468 0.0823 111.9 112.2 21.12 0.975 
93 2.573 4060 4582 0.0848 114.7 114.5 21.16 0.974 
94 2.659 4180 4697 0.0874 117.7 116.8 21.20 0.973 
95 2.747 4300 4816 0.0899 120.5 119.3 21.24 0.972 
96 2.837 4420 4936 0.0927 123.7 121.8 21.28 0.971 
97 2.930 4550 5089 0.0954 126.8 124.0 21.32 0.970 
98 3.027 4680 5185 0.0983 130.1 127.0 21.37 0.969 
99 3.128 4810 5312 0.1010 133.1 129.0 21.41 0.968 
100 3.234 4940 8444 0.1040 136.5 132 21.46 0.967 
101 3.338 5070 5580 0.1070 140.0 135 21.50 0.966 
102 3.446 5210 5710 0.1099 143.4 138 21.55 0.965 
103 3.557 5350 5850 0.1132 147.0 141 21.60 0.964 
104 3.672 5500 5990 0.1161 150.3 144 21.65 0.963 
105 3.790 5650 6140 0.1196 154.3 147 21.71 0.962 
106 3.912 5810 6280 0.1233 158.5 150 21.76 0.961 
107 4.038 5970 6440 0.1271 162.9 153 21.82 0.959 
108 4.168 6140 6590 0.1314 167.8 156 21.88 0.958 
109 4.302 6310 6740 0.1362 173.2 160 21.94 0.957 
110 4.440 6490 6910 0.1407 178.3 163 22.00 0.955 
111 4.583 6670 7070 0.1457 184.0 166 22.06 0.954 
112 4.731 6860 7240 0.1500 188.9 170 22.13 0.953 
113 4.884 7050 7410 0.1550 194.6 173 22.20 0.952 
114 5.042 7250 7590 0.1597 200.0 177 22.27 0.951 
11S 5.205 7460 7770 0.1648 205.7 181 22.34 0.949 
116 5.372 7670 7960 0.1699 211.7 185 22.42 0.948 
117 5.544 7890 8140 0.1744 216.8 189 22.50 0.946 
118 5.721 8110 8330 0.1806 223.9 194 22.58 0.944 
119 5.904 8330 8520 0.1865 230.6 198 22.66 0.942 
120 6.093 8560 8730 0.1923 237.3 203 22.74 0.941 
121 6.288 8800 8930 0.1984 244.3 207 22.83 0.938 
122 6.489 9050 9130 0.2046 251.4 212 22.92 0.936 
123 6.697 9310 9350 0.2114 259.1 217 23.01 0.935 
124 6.911 9570 9560 0.2177 266.1 222 23.11 0.933 
125 7.132 9840 9790 0.2248 274.7 227 23.21 0.932 
126 | 7.359 10120 10010 0.2317 282.4 232 23.32 0.929 
27 7.594 10420 10230 0.2389 290.7 237 23.42 0.927 
128 7.837 10700 10490 0.2458 298.6 243 23.53 0.925 
| 129 8.088 11000 10740 0.2536 306.9 248 23.64 0.923 
130 | 8.347 11310 10970 0.262 317.2 254 23.76 0.921 
131 8.613 11620 11240 0.269 325.3 260 23.88 0.919 
132 | 8.887 | 11950 | 11500 0.279 336.8 266 24.00 0.917 
133 | 9.171 12290 11780 0.289 348.2 272 24.13 0.914 
134 | 9.465 12650 12050 0.300 360.8 279 24.26 0.911 
135 9.769 13020 12330 0.311 373.5 286 24.40 0.907 
136 10.086 13400 12620 0.322 386.1 293 24.54 0.905 
137 10.414 13800 12910 0.334 399.9 wl 24.69 0.903 
138 10.745 14210 13220 0.346 413.6 309 24.84 0.900 
139 11.106 14630 13520 0.358 425.4 317 25.00 0.897 
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TABLE I—Humidity and Enthalpy Data for Town Gas Saturated with Water Vapour (continued) 









































Temperature, Humidity Enthalpy Enthalpy Transfer Humid Heat Correction 
F Ib/(S.G.V.) Btu/(S.G.V.) Potential d0/dt Btu/S.G.V. °F Factor 
t H i Btu /(S.G.V.) dH/dt di/dt m 
0 S 4 

140 11.47 15060 13840 0.370 441.3 325 25.16 0.894 
141 11.85 15490 14160 0.381 454.0 334 25.33 0.892 
142 12.24 15940 14500 0.393 467.8 343 25.51 0.889 
143 12.64 16420 14840 0.407 484.0 352 25.69 0.886 
144 13.05 16920 15200 0.421 500.1 361 25.87 0.883 
145 13.48 17440 15560 0.437 518.5 370 26.07 0.880 
146 13.93 17990 15930 0.455 539.2 380 26.27 0.876 
147 14.39 18760 16320 0.473 $59.9 390 26.48 0.872 
148 14.87 19130 16710 0.491 580.6 400 26.69 0.869 
149 15.37 19710 17120 0.511 603.7 410 26.92 0.865 
150 15.89 20300 17530 0.532 627.8 420 27.15 0.861 
151 16.40 20940 17970 0.555 654.3 431 27.38 0.858 
152 17.00 21600 18410 0.577 679.7 444 27.65 0.854 
153 17.59 22290 18890 0.597 702.8 456 27.92 0.850 
154 18.19 23000 19330 0.618 727.1 471 28.19 0.846 
155 18.82 23740 19820 0.642 754.8 487 28.47 0.842 
156 19.48 24510 20320 0.670 787.1 504 28.77 0.837 
157 20.16 25320 20840 0.698 819.4 $22 29.07 0.833 
158 20.87 26160 21360 0.728 854.0 543 29.39 0.827 
159 21.61 27030 21900 0.758 888.7 562 29.73 0.823 
160 22.39 27940 22470 0.792 927.9 30.07 0.818 
161 23.20 28870 23040 0.824 964.9 30.44 0.813 
162 24.05 29840 23640 0.862 1008.1 30.82 0.808 
163 24.93 30870 24250 0.900 1052.7 31.22 0.803 
164 25.85 31960 24880 0.943 1102.3 31.63 0.798 
165 26.82 33110 25520 0.989 1154.4 32.07 0.792 
166 27.83 34320 26190 1.035 1208.6 32.52 0.786 
167 28.89 35570 26870 1.087 1268.6 33.00 0.780 
168 30.00 36870 27580 1.143 1333.3 33.50 0.774 
169 31.17 38220 28310 1.201 1403.3 34.03 0.768 
170 32.40 39630 29070 1.268 1478.0 34.58 0.763 
171 33.69 41080 29840 1,33 1549.0 35.16 0.755 
172 35.05 42630 20640 1.40 1630.4 35.77 0.748 
173 36.49 44310 31480 1.48 1722.8 36.42 0.741 
174 38.01 46100 32330 1.56 1815.3 37.10 0.734 
175 39.61 48000 33220 1.65 1919.4 37.82 0.726 
176 41.31 50000 34130 1.74 2023.6 38.59 0.719 
177 43.11 52110 35090 1.84 2139.3 39.40 0.711 
178 45.01 54360 36080 1.96 2278.0 40.25 0.703 
179 47.03 56690 37120 2.09 2418.3 41.16 0.694 
180 49.19 59150 38190 2.23 2590.1 42.14 0.686 
181 51.50 61700 39360 2.39 2775.1 43.18 0.677 
182 53.96 64400 40550 2.54 2948.8 44.28 0.667 
183 56.60 67300 41740 2.74 3179.9 45.47 0.659 
184 59.45 70700 43020 2.96 3434.3 46.86 0.648 
185 62.52 74640 44320 3.18 3688.7 48.10 0.638 
186 65.82 78600 45750 3.43 3978.0 49.60 0.627 
187 69.39 82800 47230 3.71 4301.3 $1.25 0.616 
188 73.25 87150 48780 4.02 4660.7 $3.00 0.605 
189 77.46 91850 50380 4.40 §100.2 54.90 0.593 
190 82.07 97300 §2030 4.83 5597.4 56.90 0.580 

gas film, then the sensible heat conveyed by the diffusing From Equation (14) dt/dz = —aBe-“ 

vapour must be taken into account, since the temperature = —a(te — tie (e «= }) 

profile is altered. The following treatment parallels that of whenz=C,t=1 

ACKERMANN’ and COLBURN and Drew.° dt/dz = —a (te — ti)/(e" — 1) 


The heat flux g at any point in the film may be written 
as the sum of two terms 
q = he dt/dz — G (dHe¢/dA) cv. (t—t) .... Cl) 
The first term on the R.H.S. of Equation (11) is the heat 
flux arising from temperature gradient, z being the fractional 
distance through the film measured from the interface, The 
second term is the net sensible heat accompanying the 
diffusing vapour. Since the humidity is decreasing as the 
gas passes through the cooler condenser (dH«/dA) is nega- 
tive. Heat cannot accumulate in the film, so qg is constant 
and Equation (11) may be rewritten: 


dt/dz + a(t — t)) =a constant g/l ..- (12) 
where a = — GdH¢, c./hedA. 
Differentiating with respect to z 
& t/dz*> + adt/dz=0 ssweaae 
Let t = e”, then @ t/dz? = be and dt/dz = be’* from 
Equation (13) 
e”* (b* + ba) =0; ., b= —a. 
Thus the solution of Equation (12) is 
t=Be“"+C ... (14) 
applying the boundary conditions (z = 0, t = f)) and 
(z= 1, t = fa) 
i= B+ ., B=(te —t)/(e* — 1) 
te = Be* + C P Re et PF iia 
o~* t, m Bew* + Ce~* and C = (e~* ti —ta)/(¢ 1) 
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substituting in Equation (12) 
—a (te — ti)/(e* — 1) tat — t) = g/he 
or gq = he (te — ti a/(1 — e~*) xoweaee 
Now a, by definition, is equal to —GdHec,/headA, or 
introducing Equation (5), a is equal to kecy (A « A)/ he. 
Thus a=cr(A2A)/E .... (16) 
where A xH = [(2 Mg — (2 A)i] and E = he/ke. 
cy and E may both be considered as constants, namely 
0.45 Btu/Ib and 32.3 Btu/(S.G.V.) °F respectively. The 
maximum value for «H up to 190°F is 47.7 1b/S.G.V. 
Thus for this temperature range a lies between 0 and 0.67. 
The effect of the diffusing vapour is taken into account by 
rewriting Equation (15) as follows: 
—GSdte — GdHe cr (te — ti) = he (te — t) adA/(O — e~% 
ee 
Thus the heat transfer coefficient is increased by the factor 
a/(1 — e~*), but the quantity of sensible heat to be trans- 
ferred is increased by the amount —GdH¢ cy (te — ti), equal 
to hg adA (tc — ti). The net effect is to decrease the co- 
efficient jig, as regards transferring the quantity of heat 
—GSdtc, by a factor f equal to: 
a{1/(1 — e~*) — 1] or a/(e* — 1), 
i.e. —GSdt¢ = he(te — fi) adA ‘(e* — 1) 
Equation (18) may be rearranged to give: 


..+- (18) 








—GSdte = he (ta — ti) dA [1 — (e* — 1 — a)/(e* — 1)) 
ee 
or —GSdte + GdHe cy (te — ti) [(e* — 1 — a)/(e* — 1) a] 
= he (ta — t) dA <<a 

It will be observed from Fig. | that the term [(e* —1 — a)/ 
(e* — 1) a] decreases from 0.50 to 0.444 as a increases from 
0 to 0.67, thus assuming the worst case; namely saturated gas 
at 190°F in contact with water at 60°F. The second term 
in Equation (10) would be GdHg (0.45 X 130 X 0.444) or 
26 GdHg Btu. This is small compared with the latent heat 
term GdHg \; which is 1060 GdHg Btu at 60°F, thus in the 
equation for total heat transfer, the effect of the diffusing 
vapour may be ignored. 

The true heat balance is given by Equation (21): 

Gdig = Lez dt + dLcrz (ti — te) onsen 
where by mass balance dL = GdH, ace 
the expression for the quantity of condensate formed. 

Combining Equation (21) with Equation (10) and omitting 
the term Gc, dHe(te — ti), 

Gdig = GSdte + GdHeX; + GdHe cx (ti — to) 

= Ledt, + dLcu(ti — to). 

Since cr. (t; — tr) is always very small compared with 
\;, GdHe cx (ti — to) is approximately equivalent to dLcx 
(tr, — to); thus the simplified heat balance is: 

Gsdte + G dHe \; = Ler dtt er 

This equation is the basis for combining the heat and mass 
transfer Equations (4) and (5) as follows: 

G [he (te — t) + ka Ai {@ He — (@ Hi}]) dA = 
hi (ti — tr) dA iene 
The L.H.S. of Equation (24) may be simplified by expressing 
it as a difference of potential 6, where @ is given by 
E(t—t)+2HA 
Gdig = ka (a — 9) dA = hi (ti — tr) dA 

In deriving this expression for total heat transfer, which 
forms the basis of the design method by Criss and NELSON, 
the final assumption is that Ag is approximately equal to \j, 
or more exactly that 

[A 2 Me — A2A)) ~4; [(@ Me — (2 Ai] 

The error is a maximum when the driving force is a maxi- 
mum but when 1/(@¢ — 4) is a minimum. Thus in the inte- 
grated expression for area: 

A 'G = ] kefdia/ (8c — 6;) eee (26) 
the effect of the approximation is reduced and the number 
of transfer units (N.T.U.), ie. fdia/(%q — %), will not be 
more than 2.5% low. The error will therefore lead to a 
conservative design, should such a small margin be of any 
consequence, 


3. A Design Method for Cooler-condensers 


The integral fdic/(6q¢ — 9) may be evaluated by deter- 
mining (@¢ — 4) at equal increments of dig and summing 
the reciprocal values 1/(#¢ — 4). This usually results in 


half the area of the unit being accounted for by less than two 
out of ten of the increments’ and a more accurate assess- 
ment of the N.T.U. is obtained by taking equal increments 
of gas temperature and summing (dic/dt)/(@¢ — 9). For 
this purpose, values of dig/dt, termed by St_ver’ the total 
heat capacity, have been calculated from Equation (8) and 
included in Table I together with other necessary properties 
such as enthalpy (i), humidity (H), enthalpy potential (6), 
humid heat (S), the correction factor (z) and the rate of 
change of humidity and enthalpy potential with temperature 
(dH /dt and m,). 

When gas is cooled and dehumidified by direct contact 
with the cooling water, as in a packed tower, there is justi- 
fication for ignoring the liquid film resistance and f; may be 
taken as being f,. If as is usually the case in gasworks 
practice, the gas is saturated entering the cooler-condenser, 
then ig may be obtained from fg and ft, is obtained by heat 
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balance. The driving force (@¢ — 4 ) is given by the difference 
in 6 values at fe and f, and by reading off the value of di/ 
(dig/dt) 
0g — OL 
Simpson’s rule. Provided the volumetric flow G is known, 
the N.T.U. so obtained may be used to calculate the mass 
transfer coefficient ke for a specific cooler-condenser of 
area A; or for design purposes, calculated or experimental 
values of kg may be employed to estimate the area of a 
proposed unit. 

If the cooling operation is carried out indirectly such as 
in a tube and shell unit, the resistance on the water side may 
be appreciable, especially at the hot end. In order to 
determine the true driving force (4¢ — 4), the interface 
condition must be known and this requires either a graphical 
construction, or a trial and error calculation. The graphical 
construction is based on Equation (25), from which is 
obtained the equation for the slope of a tie line: 

(9g — 9)/(t. — t) = —hAr/ke ee 

On a plot of @ vs. ¢ a line drawn from a point on the 
operating line (%¢, ft.) with a slope of —h,/ke will intersect 
the saturation line at point (4, f)). 

Alternatively, a value of ¢; may be selected by trial and 
error such that Equation (27) is satisfied. These two methods 
require that both kg and A, be known, as, for example, in 
a design calculation. In the analysis of performance data, 
ke is the unknown, a value of Az, being assumed from the 
generalised correlation of heat transfer to water flowing in 
tubes, i.e. : 


dt the expression dt X | may be evaluated by 


hi = 150 (1 + 0.011 t1) V°*/d®* sone 
A practical check on Equation (28) may be carried out by 
condensing steam on the shell side of the cooler-condenser. 
The solution to this problem is obtained by assuming a value 
of ke, constructing the tie-line slopes, evaluating the N.T.U. 
and checking whether the value of ke obtained agrees with 
the assumed value. Thus either a combination of trial and 
error calculation and graphical construction is involved, or 
one trial and error procedure is imposed upon another. In 
each case the method is protracted, but this feature is 
common to all the design methods for simultaneous heat and 
mass transfer except one, It is possible by adapting Silver's 
“sensible heat” method’ to eliminate trial and error com- 
pletely from an analytical procedure. The method is based 
on the assumption that the ratio of sensible heat to total 
heat transfer coefficients (R) is equal to the ratio of sensible 
heat to total heat capacity [§/(di¢ /dt)]. The physical interpre- 
tation of this is that the heat and mass transfer rates are such 
that the gas remains just saturated as it passes through the 
unit. Equations (4) and (25) express the rates of sensible and 
total heat transfer respectively. If, however, it is assumed that 
enthalpy difference is the correct driving force, implying 
humidity driving force and a Lewis Number of unity, then: 
—Gdic = ke (ic — ij) dA sonntany 
or —Gdig = kem’ (te — ti) dA ree 

where mm’ is the slope of the chord (i¢ — i))/(te — ti). 

Thus the ratio of the transfer coefficients is kgm’/h« or 
m’/S, since h¢/keS is unity. This compares with the ratio 
of the heat capacities (dic/dt)/S, the difference being that 
dig/dt is the slope of a tangent to the saturation line at fg 
while m’ is the slope of the chord between fg and ¢;. The 
assumption upon which the method is based would there- 
fore be a fair approximation if enthalpy were the correct 
potential for total heat transfer. 

This assumption, at the higher temperatures, leads to 
driving forces which are too large and consequently transfer 
coefficients which are too small, as was observed by SILVER.° 
The heat capacity ratio concept does, however, suggest a 
means by which the graphical construction and most of the 
trial and error calculation can be eliminated from the 
enthalpy transfer potential method. 
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SILVER’S method is developed from the Fourier equation. 
dQ = U (te — t1) dA oa oe 
or dQ = he (te a ti)dA /R => At (t, = tL) dA 
er 
By rearrangement: 


R dQ ay dQ 

dA =— ——- + — ——. 
he (tg — tr) At (te — th) 

R is a unique function of the saturation temperature tg 
and if A and A, are known, fe may be obtained by 
evaluating the integrals f[RdQ/(te — ti) and 

fdQ (te — tr). 

Similarly, the equation for total heat transfer in terms 
of the mass transfer coefficient kg may be written: 


coos GD 


Ke | qe g, 4-7 { me. (2% 
(Q¢—@0) G keJ (0¢—6r) J ht (0c — On) 
++. ZO 
where m is the slope of a chord on the enthalpy transfer 
potential saturation line (6; — 6,)/(t; — t.). Unlike R, m 
is not a unique function of the water temperature, but is 
dependent also on #;. As a first approximation, however, m 
can be taken as m, the slope of the tangent d@/dt at tz, 
which is solely dependent on the water temperature, fr. 
The relationship between m and m, for various tempera- 
ture gradients across the liquid film is shown in Fig. 2. The 
ratio m/mz is plotted against ¢, for convenience. 


The steps in the modified method for analysing cooler- 
condenser performance are as follows: 
(1) Divide the gas temperature into ten equal incre- 
ments dt. 


(2) Write down the values of ic, (dig/dt) and % corre- 
sponding to fe. 

(3) From ig determine the values t, by heat balance. 

(4) Write down the values of 6,, mo. and Ay from tr 
(Equation (28)). 

(5) Evaluate f(dicg/dt)/(@¢ — 91) by Stmpson’s rule and 
multiply by dt. 

(6) Determine the ratio A/G. 

(7) From steps 6 and 7, determine the value of Ke 
using Equation (34). 

(8) Obtain (t; — tr) from the relationship Ke (9¢ — 41) 
= hr (ti — tr). 

(9) Use (t; — t.) to write down value of m/mo. 

(10) Calculate the value of m. 

(11) Evaluate the integral dt{m (dig/dt)/hi (@¢ — 41)). 

(12) Subtract this integral from A/G and determine 


ke. 

As an illustration of the method, Example 2, in the 
paper by SiLver,’ has been selected and set down in detail 
in Table II, which is a copy of a form used for performance 
test data. The value of the coefficient ke is equivalent to 
89 ft/hr, which is of the order to be expected for a humidifi- 


TABLE II 




















































































































Date Gas rate (G): 143 S.G.V./hr Gas Inlet Temp.: 181°F Water rate: 15,130 gal/hr 
Series No.: Reference 9 Gas velocity: — ft/sec Gas Outlet Temp.: 62.6°F Water velocity: — ft/sec 
Test No. Example 2 Area: 10,130 sq. ft A 
=: 71.0 
G 
tg tL ig 06 Ox 0¢—01 dig —_— me Mo i-th ti mt m AL & dig 
dt dt(0g—6z) Mo hy dt(0q—Oz) 
1 | 181.0 | 111.2 | 61,700 | 39,360 | 7,100 | 32,260 | 2775 | 0.08601 | 167 | 32.9 144.1 | 1.48 | 247 | 76.9 0.276 
2 | 169.1 | 89.0 | 38,360 | 28,390 | 4,142 | 24,248 | 1403 | 0.05787 | 106 | 26.6 | 115.6 | 1.33 | 140 na | 0.113 
3 | 157.2 | 77.1 | 25,490 | 20,940 | 3,021 | 17,919 | 826 0.04610 | 83.7 | 21.1 | 982 | 1.23 | 103 | 66.7 _ 0.071 
4 | 145.4 | 69.6 | 17,660 | 15,710 | 2,429 | 13,281 | 527 | 0.03968 | 73.2 | 16.7 | 863 | 1.17 | 856 | 62.5 0.054 
s | 133.6 | 64.7 | 12,510 | 11,940 | 2,084 | 9,856] 356 | 0.03612 | 67.8 | 124 | 77.1 | 1.11 | 75.3 | 60.0 0.045 
6 | 121.7 | 61.5 8,970 | 9,070 | 1,872 | 7,198 | 249 | 0.03462 64.5 96 | 71.1 | 1.09 | 703 | 586. 0.041 
7 | 10099 | 591 6,470 | 6,890 | 1,719 | 5,171 | 178 0.03438 | 62.1 | 69 66.0 | 1.06 | 65.8 | 57.2 0.040 
8 98.1 | 57.4 | 4690] 5,198 | 1,615 | 3,583 | 1304| 0.036399 | 604 | Si + 625 | 1.05 | 634 | 55.8 0.041 
9 | 862 | S62 | 3,340] 3.854 | 1,543 | 2,311 | 9651 0.04176 | 593 3.3 sos | 1.05 | 623 | $44 | 0.048 
10 74.4 | 55.2 | 2,360] 2,799 | 1,484 | 1,315 | 725] 0.05513 | 584 | 20 | 57.2 | 1.02 | 596 | 53.0 0.062 
1 62.6 | 54.5 | 1,608] 1,944 | 1,443. sor} 56.1 | 01120 | 578 | O8 | 55.3 | 1.00 | 578 | 526 0.123 
pif. | 118.4 | 56.7 | 600022} |  #| &#| #&| ooo i wanes 
Va — dig 5.559 5.559 
\ 0.4695 « 11.84 S =~ Won, = 0.684 x 11.84 Ke a7 = (0.0783 he ae 
hag YOU 5.559 heey OL 4 ‘ 8.1 0.0884 
he 2.86 88.4 ft/hr 
TABLE I1!—Independent Determination of N.T.U. Required for Heat Transfer and for Mass Transfer 
1. Gas temperature tg 190 180 170 160 150 140 130 120 110 100 90 80 70 
2: Gas enthalpy x 107ig 97.30 59.15 39.63 27.94 20.30 15.06 11.31 856 649 494 3.73 2.79 2.06 
3. Water temperature tz 135.0 107.0 92.6 84.0 78.41 74.5 71.8 69.8 68.2 67.1 66.2 65.5 65.0 
4. (ay 4768 33.74 24.75 18.34 13.63 10.23 7.67 5.73 4.25 3.43 2.28 1.64 ~~» 41.17 
5. (aH )z 884 388 247 424187 #424155 136 124 4241.16 1.10 1.06 1.02 1.00 0.98 
6. AnH 38.84 29.86 22.28 1647 12.08 887 643 457 3.15 207 1.26 0.64 0.19 
7. a = Co (AaH)/E 0.541 0.416 0.310 0.229 0.168 0.124 0.090 0.064 0.044 0.029 0.0176 0.0089 0.0027 
8. — 1 0.718 0.516 0.363 0.257 0.183 0.132 0.094 0.066 0.045 0.029 0.0177 0.0090 0.0027 
9. ta — t1 55.0 730 774 70 716 £655 £582 £44502 418 329 238 «145 5.0 
10. cote — t1)/(ee — 1) 34.47 63.66 95.95 133.1 176.1 223.3 280.1 344 419 507 605 728 849 
11. S 56.90 42.14 34.58 30.08 27.15 25.16 23.76 22.74 21.99 21.46 21.05 20.75 20.53 
12. Xe 984 990 996 1002 1008 1014 1020 1026 1032 1037 1043 1049 1054 
13. (dH/dt)« 483 2.23 1.268 0.792 0.532 0.369 0.264 0.192 0.141 0.103 0.077 0.057 0.040 
14. (dhidt)g 0.1076 0.095 0.080 0.066 0.056 0.046 0.039 0.032 0.026 0.020 0.0155 0.0117 0.0071 
15. (dH)/dt — dhjdt)«; 472 214 1.19 0.726 0.476 0.323 0.225 0.160 0.115 0.083 0.0615 0.0453 0.0329 
16. (dH /dt — dh/dt)g/(AxH) 0.122 0.072 0.053 0.044 0.039 0.036 0.035 0.035 0.037 0.040 0.049 0.071 0.173 
17. S + @(dH/dt)y 163 136 114 96.6 38 72.1 631 35.2 B44 4421 4372 «4330 «6280 
18. a/(et — 1) 0.754 0.806 0.854 0.891 0.919 0.940 0.959 0.970 0.979 0.985 0.991 0.995 0,999 
19. ha (dAldt)a 393 231 0.73 1.43 027 44-17) 2113) 6«L13))©6118) ©6130 ©6158 ©6229 © 5.60 
20. (dildt); 5597 2590 1478 928 628 441 317 237 178 136 106 82.4 «66.0 
21. Og = 107 52.03 38.19 29.07 22.47 17.53 13.84 10.97 8.730 6.910 5.444 4.249 3.271 2.459 
22: Oz x 10-3 1233 644 454 364 3.13 280 260 2444 2.327 2249 2186 2138 2104 
23. (0g — Oz) x 1073 39.70 31.75 24.53 1883 14.40 11.04 8.37 6.286 4.583 3.195 2.063 1.133 0.355 
24. (dildt)g/(0g — 1) 0.1410 0.0816 0.0602 0.0493 0.0436 0.0400 0.0379 0.0378 0.0389 0.0427 0.0515 0.0727 0.1859 
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Fig. 1. 


the rate of 


Exponential functions required when allowing for 
sensible heat transfer accompanying diffusion. 


cation process. The equivalent sensible heat transfer co- 
efficient is 2.86 Btu/ft hr °F, which is considerably higher 


than the value of 1.2 Btu/ft’ hr °F obtained by Si_ver. The 
liquid film resistance in this example is just over 11°), ice., 
md 
- —— compared with 4/G. 
At (96 Oz) 


it is appreciated that ky is not a constant and theoretically 
it should increase with temperature, especially above 140° F. 
There are not at present sufficient data to make a specific 
allowance for this variation in the design method, so average 
values of k,; are determined. 
4. Fog Formation in Cooler-condensers 

As has been stated previously, the Lewis Number for the 
water vapour-coal gas system is greater than unity and this, 
combined with the fact that the driving force for mass trans- 
fer is less than the humidity difference, means that the heat 
transfer to mass transfer ratio is greater than that required 
to maintain the gas in a condition where it is just saturated 
and water vapour condenses in the main body of the gas. 
This is known as “fog formation” and may be expressed 
mathematically by the relationship: 


ke |@A)e (xH); | 
ti) S 


(dH dt)c 





he (te 








If it is assumed that the rate of fog formation with tem- 
perature is (dh/dt);, then the above inequality may be 
written as an equation: 

kcS (xH )G (x~H); a 
((dH — dh) dt\c : . (35) 
he (iG tj) 


[he first group on the R.H.S. of Equation (35) is a func- 
tion of the system and is the reciprocal of the Lewis Number; 
the second group is a function of the operating conditions. 

Due to the high latent heat of water, the quantity of fog 
formed is a small fraction of the total water condensed. For 
example, gas in cooling along the saturation line from 
180 F to 70 loses 48 Ib/S.G.V. of water and 2790 Btu 
S.G.V. of sensible heat. If the net ratio of sensible heat to 
mass transfer over this range were twice that required to 
maintain saturation, then approximately 2.8 1b/S.G.V. of 
water would appear as fog or about 6%, of the total con- 
densed. Thus although the percentage of condensed water 
which appears as fog may be small, assumptions as to the 
relative rates of heat and mass transfer on the basis of no 
fog formation are not justified. Furthermore, if in the 
example quoted, all the fog was carried forward with the 
gas stream, the effect would be quite serious if the intention 
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Fig. Factors relating the chord slope (6: — 6)/(ti — tr) 


to the tangent slope dé/ dt. 


since the additional 2.8 lb/ 
a dewpoint of 107°F as 


were to dehumidify the gas, 
(S.G.V.) of water would give 
opposed to 70°F. 

T. MizusHINa” proposed that in the case of high humidity 
the method of COLBURN and HOUuGEN'' may be used to 
calculate the area required for total heat transfer. From the 
rate equation for mass transfer the rate of water vapour 
transfer at each step can be calculated. By integration the 
amount of water vapour transferred across the interface 
is then calculated and compared with the total quantity of 
water vapour condensed, obtained from the material 
balance equation. The difference between these two amounts 
of vapour condensed may be considered to be the amount 
of fog. 

This technique is not applicable to the design method out- 
lined in this paper, since many approximations have been 
made in its development and a 5“, error in the estimation of 
the quantity of water vapour transferred would produce a 
considerable error in calculating the quantity of fog formed. 
Furthermore, the method takes no account of the additional 
sensible heat to be transferred due to water condensing in 
the bulk of the gas and the effect of the diffusing vapour 
on the sensible heat transfer coefficient /,;. Both these factors 
become significant when considering the relative rates of 
heat and mass transfer. Making allowance for the quantity 
dh of water vapour which appears as fog and for the 
sensible heat of the diffusing vapour, Equations (4) and (5) 
may be rewritten as follows: 


—GSdt;; — G(dH — dh); ete — t) — G (dh Ne 
= hi (ti — t)(——“—) DA (4a) 
and —G(dH — dh)g = ka (@ HM); — (2 H)) dA | 
Using the relationship a= —G (dH — dhjac,/hta dA. 
GSdt; + G(dH — dh)« cv (te — ti) + Gldh X\;:; 
=G(dH — dh)« cr (te — ti)/(1 — e~) . (4b) 
Dividing through by G and collecting terms 
Sdt¢ + (dh\)\g = (dH — dh)c 
Cte — t) (A — 1 + e*)/0 — e*)} 
rtg—ti) "(tg—ti) 
Thus dh pa ate|' : Sdtg 
(ea—1) (e¢—I1 


or (dh/dt)g 


(ee) s/f ole) 
. (36) 


This is the equation for determining the rate of fog 
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formation at each stage in cooler-condenser. Equation (36) 
may also be written as: 
SGdtg + G(dhdA)e/ = he(te — ti) [a/(1 — e *) — a] 
From which 


[|S + 26 (dh/dt)g] dtg 
(te — 4) [a/(ee — 1)] 
This equation enables the area of the cooler-condenser to 
be calculated in terms of the sensible heat transfer coeffi- 
cient Ag, and the area so calculated should agree with that 
obtained by using Equation (Sa). 

To illustrate the method by which the amount of fog may 
be estimated, the heat and mass transfer taking place in a 
washer-cooler are considered separately. The duty of the 
unit is to cool gas from a saturation temperature of 190°F 
to 70°F, the circulating water rising in temperature from 
65°F to 135°F. Since the gas and water are in direct con- 
tact, the liquid film resistance is assumed to be negligible; 
i.e., ti is equal to t,. The steps in the calculation are set 
down in Table III. Having subdivided the gas temperature 
range into an even number of increments, the correspond- 
ing water temperatures are determined by heat balance. 
The next step is write down the mass transfer driving force 
AzH and hence evaluate the term a equal to c,A2zH/E. 
Fig. | and Table I then provide the values required for 
substitution in Equation (36) with the exception of Ag, 
which may be obtained from steam tables, and c,, which 
is assumed to be 0.45 Btu/Ib. The quantity of fog that could 
be formed, f{ dha, is obtained by summing (dh/dt)« by 
Simpson’s rule. The final value of 5.43 lb/S.G.V. compares 
with 80.9 Ib/(S.G.V.), the difference in humidity between 
gas at the saturation temperatures of 190°F and 70°F res- 
pectively. The N.T.U. required for transferring the net 
quantity of water vapour condensed { (dH /dt — dh/dt)/ 
(AzH) is 6.38 units and this is equivalent to k¢A; 
hedA/dt (line 19) is obtained from Equation (37) and the 
summation of the values gives AcA = 206 Btu/S.G.V. °F. 
The ratio of the values /i¢/ke is 32.3 Btu/(S.G.V.) °F, 
which was the value initially assumed for E; thus the areas 
required for mass and sensible heat transfer are identical. 
Finally the N.T.U. for total heat transfer by the method 
described is found to be 6.96, an error of 9%. The quantity 
of fog formed is 5.43/80.9 or 6.7°%, of the total water con- 
densed, This reduces the area required for mass transfer 
and the percentage reduction accounts for most of the 
discrepancy between the N.T.U. calculated from lines 16 
and 24. 

It is most unlikely that all the fog formed is carried out 
with the gas. The fog droplets tend to coalesce and fall out 
of the gas stream, and much is removed when droplets im- 
pinge on solid surfaces at changes of direction in the con- 
denser. Crappock! reports evidence of supersaturation in 
atmospheric condensers where the sensible heat transfer is 
aided by radiation, but no evidence of such in water tube 
condensers, where the gas is usually flowing over banks of 
tubes. Precipitation of moisture by passage of a fog-laden 
atmosphere round cylindrical obstructions is a well-known 
phenomenon. The branches of trees and telegraph wires 
perform this function in foggy weather. 

It may not be possible therefore to detect the presence 
of fog at the outlet of such condensers, but it is not a valid 
assumption that heat and mass transfer proceed at rates 
which maintain the gas in a just saturated condition. 

In order to confirm the formation of fog when cooling 
saturated gas, even in a narrow tube, a simple condenser 
was set up in the laboratory. Saturated gas was produced 
over a range of temperatures by bubbling town gas through 
hot water in a flask fitted with a 3-kW immersion heater. A 
simple Liebig condenser was mounted vertically above the 
flask and the temperatures of the gas entering and leaving 
the condenser were indicated by mercury-in-glass thermo- 


hgdA/G 





eee 


January, 1961 


meters. The gas leaving the condenser passed through a 
glass tube wound with heating tapes sufficient to re- 
evaporate any moisture carried out as fog. Finally, a sample 
of the gas was passed to a dewcell instrument, which gives 
a direct indication of the dewpoint of the gas, irrespective of 
its temperature, provided this is within prescribed limits. 
The supply of cooling water to the condenser was such as 
to provide negligible resistance to heat transfer on the water 
side. 

The difference in humidity of the gas between the indicated 
dewpoint and the temperature at which it leaves the con- 
denser is a measure of the excess water present either as 
fog or in the vapour phase if the gas is supersaturated. This 
quantity is best expressed as a percentage of the humidity 
difference between the inlet and outlet gas and it may be 
calculated from Table III (line 14 divided by line 13) that 
S(dh/dt)¢ divided by f(dH/dt)¢ over the range 70°F to 
130°F is 17.7%, This is true only for the water temperature 
distribution assumed in Table III. If, for example, as in the 
laboratory experiments, the water is at a lower but uniform 
temperature of 50°F, the calculated percentage of con- 
densate which could appear as fog increases to 22.9. 

The highest percentage obtained in the laboratory experi- 
ments Over the range 70°F to 130°F was 17.7, five other 
results being in the range 11 to 14%. These values are 
below that predicted, but there is no guarantee that all the 
fog formed reaches the outlet of the condenser tube. The 
fact that the results are not easily reproducible tends to 
confirm that it does not. Furthermore, the concentration of 
fog in the tube was observed to be greater in the lower 
half than in the upper half near the gas exit. If none of the 
fog droplets was removed from the gas stream in its pas- 
sage through the condenser tube, then the concentration 
would be a maximum at the gas outlet. The laboratory 
experiments, therefore, do not disprove the data and equa- 
tions upon which Table III is based, but they do clearly 
demonstrate that fog formation in the bulk gas stream is 
appreciable when town gas, initially saturated with water 
vapour, is cooled even in a narrow tube (approx. 4-in. bore). 

Although Equation (36) will not predict quantitatively the 
precise excess humidity at any point in the process, several 
useful qualitative facts may be deduced from it by 
rearrangement. 

The group cite — ti)/(e*— 1) may be written as 
fc(te — t)/a where f is the factor a(e*— 1) plotted in 
Fig. 1. Substituting for a, the expression simplifies to 
fEAt/ AGH). The rate of fog formation is therefore 
dependent on the difference between the two terms 
fE((dH /dt)a/(A+H/ A) and S. 

It will be observed from Table III that at the low tem- 


A : 
perature end both f and (dH/df)</ (=") approximate 


to unity and the principal cause of fog formation is the 
difference between E and S. 

At the higher temperatures the ratio (dH/dt); 
[((A2zH)/ At] increases rapidly, but this is offset by a corres- 
ponding decrease in f and increase in S, so that the per- 
centage fog formation actually decreases. The E and S§ 
values listed in Table I were determined for a typical town 
gas made by conventional methods. If, however, the gas 
contains a high percentage of hydrocarbons the specific heat 
of the dry gas will be higher than 20 Btu/(S.G.V.) (°F) and 
this will reduce dh/dt, the effect being more pronounced at 
the lower temperatures. For the purposes of comparison, 
saturated air was passed through the laboratory condenser 
in place of the town gas under the same conditions of flow, 
inlet temperature and water temperature. The excess of 
dewpoint over outlet gas temperature was 2.6°F for air, 
compared with 9.3°F for town gas. This is in accordance 
with theory, since for the air and water system, the ratio of 
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transfer coefficients does approximate to the humid heat at 
ambient temperatures. 
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53rd Annual Meeting of the A.I.Ch.E. 


HE 168 papers presented at the recent 53rd Annual 
"T Meeting of the A.LCh.E., held in Washington, 
covered subjects ranging from the processing of propellents 
to optimisation studies. As is usual with these massive 
events, numerous social functions and trips to plants and 
research establishments were organised. 

The papers were arranged in a number of symposia with 
the following titles: “Propellent Processing’, “Fluid 
Dynamics”, “Saline Water Conversion”, “Automobile Ex- 
haust After-burners”, “Economic Evaluation of New Pro- 
cesses”, “Chemical Engineering in the Mineral Industries”, 
“Information and Communication”, “Evaluation § of 
Equipment Used for Air Pollution Control’, “Solving Pol- 
lution Control Problems”, “Heat Transfer”, “Phase Transi- 
tions”, “The Unsteady State as an Analysis Tool in Chemi- 
cal Engineering”, “Toxic Plant Construction”, “The Role of 
the Chemical Engineer in Environmental Chemical En- 
gineering”, “Nuclear Chemical Plant Safety”. 

To single out papers for special mention from among 
this formidable array is difficult. However, in the saline 
water symposium a design of some interest was described 
by BROMLEY and CLarK. This is a 4-ft-diameter, 28-effect, 
rotating evaporator which was constructed and operated for 
producing distilled water. How to predict the performance 
of this evaporator under various operating conditions was 
one of the features of the paper. 

Also in this group was a paper describing a method of 
converting saline water by direct contact with the re- 
frigerant butane. This appears to be an attractive process 
because equipment first cost is low, and so too is the power 
consumption of 30 kWh per 1000 gallons of product water. 

In the information group of papers, KNox described 
recent steps taken by the Esso Research & Engineering Co. 
to make use of the technical literature. In this same field 
Morse proposed the use of a concept co-ordination index 
system on the part of publishers which he considered will 
speed up the collecting of information. Messrs. TAYLOR and 
RASMUSSEN, who belong to the same company as Morse, 
E. I. du Pont de Nemours & Co., dealt with the mechanised 
retrieval of technical information within a central engineer- 
ing department. 

Another du Pont paper appeared in the Economic Evalua- 
tion Symposium and was concerned with the use of com- 
puter simulation for new processes, especially where some 
element of financial risk is involved. A review of a method 
of evaluating petroleum processes, followed by a discussion 
of short cuts for approximate estimates, and for projection- 
type economics, is given by Barr in his paper. The tech- 
niques described are illustrated by reference to the cost of 
petroleum operations such as fluid coking and hydrofining. 

The subject of heat transfer produced its usual rich crop 
of papers. Thus, HOUGEN appeared as part author of a paper 
dealing with partial pressure and temperature gradients 
from fixed-bed catalyst particles to ambient streams, based 
on literature data on reaction rates, and methods of evaluat- 
ing these gradients. In a paper describing the effect of 
acoustic vibrations on forced convective heat transfer 
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LEMLICH and Hwu report considerable increases in Nusselt 
numbers for both the laminar and turbulent regions in the 
presence of vibrations of air and they present correlations 
which embrace their experimental results. 

GorDON, in a paper devoted to mass and heat transfer 
in packed beds, makes use of a mixing stage model and the 
surface renewal theory to relate the “j” factor for packed 
beds with Reynolds number. The equations derived show 
good agreement with reported data for particles greater than 
4 mm in diameter. 

A number of sophisticated papers were given in the 
symposium “The Unsteady State as an Analytical Tool’. 
PUCKETT and others dealt with the determination of the fre- 
quency response characteristics by correlation techniques 
using a continuous stirred tank as the process; an aim of this 
study was to evaluate some accuracies and limitations of 
such techniques. The feasibility of pulse testing, is discussed 
by HouGeN and WALSH as a method of obtaining process 
dynamics. Orto and SrouT use the statistical properties of 
the time-response of a system disturbed by an arbitrary 
pulse, for describing the dynamics of process equipment, a 
method which they apply to an agitated vessel. LApipus 
deals with some of the more important methods of analysing 
chemical reactor data for determining kinetic mechanisms. 
In this paper a strong point is made on the use of computers 
for data reduction and manipulation. 

Frequency response, step response and pulse response 
techniques were employed by STEWART, PUCKETT and 
SLIEPCEVICH to study the dynamic heat removal from a 
jacketed agitated vessel. 

In the symposia dealing with pollution, one paper (KIEL- 
BACK) describes how a pollution problem in an aluminium 
plant was solved by the use of floating-bed scrubbers. In 
the same symposium GILBERT discusses the operating costs 
for fourteen different types of collector, including wet col- 
lectors, dry and irrigated cyclones, electrostatic precipitators 
and fabric filters. It is shown that the cost of removing dust 
is determined more by the required efficiency of dust 
removal than by the type of collector. 

The paradox concerning the relation between the drag 
on a small spherical particle and the pressure drop arising 
from its presence in an infinitely wide cylindrical tube 
through which a fluid is flowing is resolved by BRENNER in 
his theory of low-Reynold-no. fluid particle systems. 

SLEICHER, who spent a period recently at Cambridge in 
this country, examines the maximum stable drop size in 
turbulent flow of two immiscible liquids. He shows that the 
drop size varies much more strongly with velocity and 
interfacial tension than had previously been supposed. A 
correlation is presented which can be used for the design of 
pipeline reactors. 

Finally, mention should be made of a paper by HoMME 
and OTHMER who, in the symposium allocated to special 
papers, show how a complete sulphuric acid plant operation 
could be simulated in order to determine its most profitable 
mode of operation for any given catalyst and for any values 
of the uncontrollable variables. 
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THE EFFICIENCY OF CONTINUOUS 





A rotary drum filter filtering ferrous 
sulphate monohydrate in 50%  sul- 
phuric acid. (Photograph by courtesy 
of the 1.C.1. Ltd. Billingham Division.) 


ROTARY DRUM FILTRATION 


A new approach for analysis of continuous filtration is presented based on examination 


of relative pressure drop across the filter medium and across the cake. Treatment of 
data indicates the optimum filter media, or most efficient filtration, to obtain a separation 


1. Introduction 

ROCEDURES for calculating filtration rates are still 

unsatisfactory because there have been no methods 
available for conveniently evaluating filter media resistance 
to predict performance under operating conditions. In con- 
tinuous filtration, filter media resistance can be compared 
to heat and mass transfer coefficients inasmuch as rate con- 
stant data for these processes are all obtained as empirical 
quantities. A method for treatment of continuous drum 
filtration data is presented which permits extracting filter 
media performance coefficients. This method is derived by 
algebraic manipulation of the fundamental filtration equa- 
tion, stemming from previous work by Monpnria.°® 

Very little fundamental understanding has been achieved 

to describe the processes which take place at the filter media 
during the course of filtration. Experimental investigation of 
filtration processes has resulted in developing useful know- 
ledge concerning the behaviour of resistance properties of 
the solids, but the field of application of this knowledge is 
limited because solids resistance data have not been ration- 
ally treated with concomitant media flow resistance. The 
mechanics of interaction of filtered solids with the filter 
media, causing changes in the media, are not fully under- 
stood. Design of continuous filtration equipment is depen- 
dent on the performance and hydraulic resistance of filter 
media since the media pressure drop can be up to 50% of 
the total pressure drop across the filter. In view of the lack 
of theoretical understanding, it is of interest to develop per- 
formance data by examination of filter media properties by 
a purely empirical process. Filtration performance data can 
be used to obtain empirical coefficients for filtration rates to 
which corelation procedures could be applied. 





* Presently process design engineer with the Fluor Corporation Ltd., Los 
Angeles, and formerly with the B. F. Goodrich Chemical Co. 
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by HARRISON R. COOPER* 


in cake filtration 


2. The Filtration Process 

The process of filtration depends on interception of solid 
particles from a slurry in porous material or on filter media. 
The rate of filtration is governed by hydraulic resistance 
of the filter media and solids accumulating in the cake. 
Mathematical expressions developed for interpretation of 
filtration rates have usually attributed resistance to filtrate 
flow to two mechanisms: resistance of the solid cakes which 
form on the filter surface, and resistance of the filter media. 
The procedure for laboratory evaluation of resistance 
properties for cake solids has recently been developed to a 
high degree of proficiency by means of compression- 
permeability cell analysis.2.*° Investigators have also 
studied characteristics of filter media and have reported 
comprehensive data on structural formation, sizes of pores, 
and manner of fabrication with the intention to relate these 
factors to resistance properties of media determined from 
experimental data.’ Useful facts have been brought out by 
these studies, especially for the mechanisms of media filtra- 
tion, when no cake is formed, up to the point of incipient 
cake formation. But for the process of cake filtration, which 
is the case being considered, almost no generalisations have 
been made. 

The conventional constant pressure filtration lends itself 
to the analysis of data for determination of specific resistance 
of cake solids and, by extrapolation, to the calculation of 
medium resistance.* It has been frequently observed that 
filter media resistance values obtained by reducing constant 
pressure filtration data indicate great discrepancies between 
original media properties and calculated values. Clean media 
have flow resistances as low as 1/1000 of calculated media 
resistance values taken from constant pressure filtration 
data. Accuracy in determining experimental media resis- 
tance from constant pressure filtration data is difficult to 
achieve because small measurement errors during the first 
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Symbols Used 

A = area, sq ft; 

D = diameter, ft: 

2c = proportionality constant relating force and mass, 
32.2 ft Ib mass/(Ib force) (sec*); 

h = height of fluid column, ft; 

he» = average of fluid column, ft; 
k, K =constant term denoting combination of several 
constants grouped for convenience as indicated; 

m = mass ratio of wet cake to dry cake, dimension- 
less; 

p = pressure, Ib force/sq ft, unless noted as given in 
units Ib force/sq. in. (with prime symbol, indi- 
cates p corrected for static head); 

po = nominal filtration pressure as in vacuum filtra- 
tion, units as in p; 

p: = hydraulic pressure at filter medium cake inter- 
face, units as given in p; 

ph = pressure added to p to correct for static head, 
units same as Pp; 

q = flow rate per unit area of filter cake or super- 
ficial velocity of flow through cake, cu ft 
(sq ft) (sec); 

R = radius of filter drum, ft; 

Rm = medium resistance, 1|/ ft; 

s = weight fraction solids in slurry, dimensionless; 

t=time of one cycle of filtration. seconds or 
minutes as indicated; 

vy = volume of filtrate per sq. ft, cu ft/sq ft; 

V =volume of filtrate per sq ft averaged per unit 
time, cu ft/(sq ft) (sec); 

w = solids deposited in filter cake per unit area, 
Ib mass/sq ft: 

vy = dimensionless ratio, ©/ rer; 

y = dimensionless ratio, V/ Veer: 

2 = specific resistance of deposited solids, ft/lb 
mass; 

3} = angle of submergence of drum filter, fraction of 
circumference; 

« = viscosity, lb mass/(ft) (sec); 

p = density of filtrate, lb mass/cu ft; 

py = density of slurry, Ib mass/cu ft; 

ps = density of solids, Ib mass/cu ft: 

’ = angle from axis of rotation in drum or disc 
filter subtending an arc on the periphery of the 
drum, fraction of circumference; 

aky 
r = dimensionless quantity, — ; 
Rm 
rate of rotation of drum or disc filter, revolu- 
tions per minute or second (as indicated). 
TABLE I—Reduced Copper Slurry Filtration Data 
Run 1 3 4 
©, rpm 0.133 0.375 0.606 
Cake form pressure, in. Hg 6 10 10 
Filtrate rate, gpm 1.48 3.13 3.85 
Wet cake discharge, |b/min 1.48 3.48 4.07 
Dry cake discharge, Ib/min 0.97 2.37 2.66 
Slurry wt. ° 6.2 7.2 6.6 
Viscosity, cp 0.67 0.67 0.67 
4 7.38 6.12 
x, ft/Ibim 1.44 (10°) 
Rm 1/ft 2.95 (10°) 
E 0.83 0.79 0.75 

















Filter: Dorr-Oliver 36 in. diameter by 6 in. cake width submerged to 55°, of the 





surface. 
TABLE I!—Ruth-Kempe Filtration Data (November 19, 1934) 
Run Min/ Rev Min’ Litre 
l 1.96 0.564 
2 5.14 0.687 
3 9.59 0.848 
4 22.10 1.111 
5 23.67 1.245 
6 7.21 0.822 
7 94.2 2.13 
s 9.18 0.880 
9 2.96 0.596 
10 1.94 0.537 
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portion of experimental runs are very significant in calcu- 
lating media resistance. This procedure is also deficient in 
that there is no assurance that media resistance is the same 
at the instant that the filtration run begins as it is at the 
end of the filtration. It may be stated in general that per- 
formance of filter media is a complex function of solids 
properties,} operating conditions or pressure, and structural 
properties of the media, Discussion has been presented 
which introduces phenomena such as boundary layer 
behaviour, electrokinetic effects, surface pore blocking due 
to particle migration, etc., to explain experimental observa- 
tions in cake filtration in which consideration of filter media 
behaviour is often neglected. The significance of these 
phenomena as yet has not been described mathematically 
and recourse must continue to be made to expensive per- 
formance tests to estimate design requirements. 


3. Continuous Drum Filtration 

Continuous filtration by the rotary drum process is per- 
formed by repeated immersion of each segment of filter 
surface on the revolving drum periphery. At a point on 
each rotation cycle, the solid cake is removed to obtain 
fresh surface which re-enters the slurry to pick more cake. 
Steady-state operation is achieved when the quantity of 
solids on a segment of drum at a given point in the slurry 
is a constant. 

In ideal steady state filtration, the problem of determining 
filter media resistance is greatly simplified, since an equili- 
brium condition of slurry input and cake output with time 
is indicative that media resistance has reached a constant 
value at constant drum rotation. Extracting media resistance 
values from continuous filtration data eliminates the experi- 
mental drawbacks which are present in analysis by means 
of constant pressure filtration. Ideal steady-state filtration 
represents a process in which the medium resistance does 
not change with time. Practical conditions are something 
less than this, since during cake filtration a medium is subject 
to mechanical and chemical degradation. The medium 
gradually becomes less operable or less efficient as its time 
in Operation increases. 

The differential equation for continuous drum filtration is 
usually stated for one cycle of drum rotation at a rate » 
revolutions per sec: 

dv ge (il 


ms) [? dp 
q @ d® ones sees (i ) 


vu Sse J0 © 
Fig. | shows the schematic outline of a drum filter. Integra- 
tion from v = Oto v, and ® = 0 to B permits calculation of 
the volume of filtrate obtained in one filtration cycle. The 
general equation for superficial flow rate at any point in 
the thickness of a compressible filter cake for finite pressure 
difference between cake surface and cake media interface has 
been written in terms of mass of cake solids, porosity, and 
(empirically determined) point specific resistance 2. Equa- 
tion (1) is a good approximation when the superficial 
velocity of filtrate flow, g, can be considered constant in the 
cake thickness, which holds when volume ratio of solids to 
liquid in the slurry is 0.05 or less."° 

The pressure, p, is pressure differential between the drum 
surface and cake-medium interface. In rigorous analysis, p 
is a variable in ®, since the pressure at the drum surface is 
the sum of the submergence head and operating pressure 
less the pressure drop across the medium. Taking the drum 
interior pressure as the datum, p is expressed: 


P = Po + Pra— Pr conan 





+ Solids properties resulting from environment liquid properties such as 
viscosity, surface tension, impurities, ionic activity, etc., arc considered to 
be inseparable from those specific to the solid itself, 


Note: The nomenclature used here conform to that agreed upon at a 
meeting of F. M. Tiller, H. P. Grace. B Ruth, C. D. Luke, R. L. Ing- 
manson, C. D. Ulrich, and others at the Cleveland meeting of the A.I.Ch.E., 
December 1952 
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Specific resistance z is, in general, a function of solids 
pressure, p, when compressible solids are filtered. In Equa- 
tion (2) po is the vacuum pump differential assuming 
negligible line friction loss, p, is the static head contribu- 
tion, and p; is the hydraulic pressure at the cake medium 
interface. 


4. Analysis of Continuous Drum Filtration Data 

Computations can be performed for rotary drum filtra- 
tion using Equation (1) in integrated form if two simplifica- 
tions are made. First, that an average correction can be 
added to po for static head; and, second, that < is constant. 
It has been demonstrated in rigorous computation that 
the error is very small when filtrate volumes are calculated 
by numerical integration considering variable p and =< 
and volumes calculated using an integrated « from 
compression-permeability cell measurement at po + pn, the 
integrated average static head correction p, being calculated 
by the expression! 


; Rpy |sin( 2) — (5) cos( 2) . (3) 


Assumption of constant « for rotary drum filtration calcula- 
tions is further justified by the fact that most experimental 
evidence indicates that equilibrium compression of solids is 
attained after 15 min or more following stress application. 
A cycle of filtration with a rotary drum filter is rarely 
greater than 3 min, precluding the equilibrium consolida- 
tion of solids. Integration is possible using these assump- 
tions, and Equation (1) then becomes: 


Ph = 








a dv &e (1 — ms) Py + Pa — Py 
. d® “vse 7 
2c (1 — ms) p’ — 
ond (4) 
uv se % 


The solid cake-medium interface pressure, pi, is conven- 
tionally defined by an equation similar to Equation (1), 
assuming that a resistance constant exists such that the 
hydraulic pressure loss can be described by the relation: 


. (5) 


where R» is a medium resistance factor to be empirically 
determined. Substitution of Equation (5) in Equation (1) 
for p: permits integration with the result 


tL 


Py — q Rm 
8e 


= St t+ kn v H(t pms © 
2 gcl—ms &e 

The term Rm may not be specific to the medium itself as 
previous investigators have noted. Hydraulic resistance of 
filter media is in general influenced by the solid material in 
the slurry as much as by the media structure. In addition, 


the pressure of the system is suspected of being a contribut- 


ing factor to the value of filter media resistance, particu- 
larly when solids are compressible (specific resistance in- 
creases with pressure). 

Since the variables z and R» in Equation (6) are both 
functions of system properties, to solve for numerical values 
of « and R» in a given rotary filtration process, data for 
constant slurry, medium and pressure at two speeds of 
rotation are needed. MONDRIA has developed a convenient 
form for solving Equation (6) simultaneously with the two 
sets of data required.t® 

cy? + 2xy — x(¢ + 2) =0 aan 
with the dimensionless quantities 7, x and y for the two data 
sets (denoted a and 5) defined as follows: 





kay kav 
o=- -oo- C= 
Rm Rm 
Op 
x=— 
Og 
7 = V, 


In the equation for «, the steady-state rate of filtrate pro- 
duction is 
_ volume per cycle v 


- = o> vq 
time per cycle t 





The term o obtained by treatment of data according to 
Equation (7) thus contains two unknowns, « and R». It is 
assumed that « and R,, are system constants (no difference 
in compressibility effects between the two runs) in treating 
two sets of data. If data are available for several rates of 
rotation, the data can be calculated successively with one 
set as reference for statistical treatment as illustrated in 
Example 2. Rearrangement of Equation (6) and substitution 
of the definition of « enables direct solution for values of 2 
by the expression 

i a 

Se 2.8) 

es 
wo — k vy? I! + | 
&e 

where p’ is the filtration pressure corrected for static head, 
if significant. In a practical filtration problem, such as selec- 
tion of the optimum filter medium, a factor of immediate 
concern is the availability of pressure driving force for 
filtration. The gréatest filtration driving force will be pro- 
vided by the medium with the highest efficiency, that is, 
the least resistance. Whereas under steady-state conditions, 
the filtrate production rate is ideally constant, the filter 
medium-cake interface hydraulic pressure, pi, changes con- 
stantly because of cyclic cake build-up and removal. A more 
convenient means is desirable for evaluating performance 





ain 





t Derivation of this equation is demonstrated in Appendix I. 


TABLE If!—Analysis of Ruth-Kempe Filtration Data 


























Reference Run 
1 2 3 4 5 7 8 9 10 
Calculated 1 1.02 1.87 2.95 4.01 2.18 7.9 2.34 0.47 —1.15* 
6 2 0.47 2.58 3.15 5.66 —18.2* 8.8 6.84* 0.84 0.72 
3 0.58 2.59 2.44 7.05 0.26 8.4 —0.54 0.99 0.74 
4 0.54 1.20 1.38 1.93* 0.79 13.7* 0.84 0.81 0.62 
5 0.75 2.21 4.39 14.7* 1.84 8.3 2.08 1.16 0.91 
6 0.88 16.2* 0.32 1.71 3.34 6.5 1.45 1.94 1.19 
7 0.62 1.51 2.17 6.11* 2.35 1.32 ‘1.56 0.95 0.72 
8 0.79 4.90* —0.66 1.55 3.58 1.25 6.6 1.53 1.02 
9 0.32 1.26 5.32 3.23 4.74 3.45 8.6 3.13 0.85 
10 —0.09 1.46* 2.33 3.42 4.67 2.86 8.8 2.92 1.12 
1/@ (min) 2.0 §.1 9.6 22.1 23.7 7.2 94.2 9.2 3.0 1.9 
6 0.50 2.06 2.19 2.98 3.79 1.42 9.5 2.36 1.09 0.69 
So-95 0.61 1.61 2.19 2.64 4.42 1.74 8.0 1.72 1.09 0.85 
So-95 0.196 0.49 2.00 0.69 1.62 1.11 0.80 1.29 0.495 0.165 
E..os 0.23 0.44 0.52 0.57 0.69 0.46 0.80 0.46 0.35 0.30 
x) 0.17 0.21 0.19 0.13 0.23 0.20 0.18 0.16 0.22 0.24 
R 





























* Values eliminated by statistical analysis for 95°% confidence limits. The subscript 0.95 indicated in the first column of the bottom half of the table denotes results 


of calculations using the values within 95°, confidence limits. 
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Fig. 1. Nomenclature used in the analysis of the 
efficiency of rotary drum filtration. 
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Fig. 2. Filtration efficiency vs. rate of drum rotation 
(Ruth-Kempe data). 


of filter media which avoids the necessity of direct examina- 
tion of interfacial hydraulic pressure. A new coefficient, 
filtration efficiency, will be defined in accordance with this 
approach by the expression 

E=t—;5) — 

Pp 

Combining Equations (6) and (8) results in the simple 
expression § 








E ee. 


o+2 
Use of the coefficient E to compare filtration capability of 
media under different conditions offers the advantage that 
no consideration need be given to numerical values of 
media resistance, which, as defined in Equation (6), can 
vary experimentally over many decade ranges in different 
systems in conjunction with variation in solids specific 
resistance, Thus, the merits of a filter cloth used under 





§ Derivation is indicated in Appendix Il 
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different operating conditions or at different pressures can 
be compared more conveniently by means of E values 
obtained through performance tests. 


5. Examples 

The following examples illustrate treatment of filtration 
data according to the procedures outlined. Previously un- 
published data were produced during development work 
carried out by The Fluor Corporation Ltd. 


Example 1—Filtration of Reduced Copper Slurry 

Particulate material in the slurry being filtered ranged in 
size from 0.50 to 5.00 microns. Previously conducted leaf 
tests indicated the filter cakes were not compressible to a 
measurable extent. Data for three runs, two at 10 in. Hg 
cake-forming pressure and one at 6 in. Hg cake-forming 
pressure, are given in Table I. The data for 10 in. Hg cake- 
forming pressure were inserted into Equation (8) to calcu- 
late specific resistance of the solids. The media resistance 
was calculated using the definition of «. 

The values of « and R,» were utilised to estimate the 
efficiency of the run at 6 in. Hg cake-forming pressure, as- 
suming that the filter media resistance is also independent 
of pressure. Static head corrections for the pilot-plant filter 
can be neglected. The filter medium used was lightweight, 
unbleached, cotton muslin. 


Example 2—Filtration of Calcium Carbonate Slurry with 
Laboratory Drum Filter 

RuTH and Kempe obtained several sets of performance 
data filtering a specially prepared calcium carbonate precipi- 
tate slurry with 1-ft-diameter vacuum drum filter."' The 
data obtained exhibited considerable scatter which were 
attributed to problems of holding constant vacuum and 
maintaining uniform suspension in the filter tank. One set 
of data, those reported for November 19, 1934, were treated 
statistically for removal of outlying values within 95%, con- 
fidence limits. Filtration efficiency calculations obtained 
from the statistically treated data are presented in Table ITI. 
The original data are reproduced in Table II. 

Examination of the results given in Table III can lead to 
further interpretation of the filtration process, It is evident 
that the efficiency increases as the time of submergence 
increases as predicted by MOonpriA’s equation. This is the 
result of greater cake build-up during longer cycle time 
which results in less proportion of pressure drop across the 
medium. The values of Kz/R solved from the definition of 
indicate no trend of this ratio with the time of filtration 
cycle. It is therefore highly probable that the solids are not 
compressible. 

Using the average value of K~/R, the theoretical efficiency 
curve is plotted on Fig. 2 for comparison with experimental 
points. The plot of E versus log rpm shows the relationship 
between experimental points and the curve determined by 
average properties. 


Example 3—Filtration of Microcrystalline Wax from 
Chilled Raffinate Stream 

Reeves tabulated observed filtrate volume-time informa- 
tion for microcrystalline wax filtration at 0°F on a 500 ft? 
drum filter operating at two and four minutes per revolu- 
tion.’ For two minutes per revolution and 212 bbls. per 
minute filtrate flow, E is 0.875. At half the rpm and 153 bbls. 
per minute filtrate rate, E is 0.905 through simultaneous 
solution. 


6. Conclusion 

Under conditions of ideal filtration, e.g., no compression 
of filter cake and media, efficiency of filtration is described 
by treatment according to Mondria’s equation. The effi- 
ciency of such a system is determined for any operating 
conditions (at the same drum differential pressure) directly 
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from Equation (7) for a given value of (= ). The ideal 
m 


condition can be readily compared to actual performance 
through analysis of a series of data such as treated in 
Example 2. 

Comparison of data at different drum differential pres- 
sures, or for performance of different media in the same 
slurry can be also carried out with convenience. The filtra- 
tion efficiency concept provides a simpler basis for analysis 
and comparison of data for steady-state drum filtration. 


APPENDIX I—DERIVATION OF MONDRIA 
EQUATION 

The equation for simultaneous solution for « and Rn 
under conditions of constant specific resistance was derived 
by MonpRIA using a different set of units. The derivation 
is repeated using the A.I.Ch.E. filtration nomenclature. 
Equation (6) may be written: 

|, eS + Rn »| p=  O 
Be @ 
This may be solved for v in the form 





7 2kup'Bge 
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For two sets of data, volume of filtrate at two different 
values of », the ratio of time rate of filtrate production is 


defined by 
2kap'Rge 
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where « refers to conditions at “a”. 
Algebraic manipulation can be used to reduce the radical 
in Equation (13) in the following manner: 


(v2)' (2) ’ (; 2kxp' ge) | — 
a) \eg 7 
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Substitution into Equation (13) produces the following 
which reduces to MonprIA’s form: 


I 
y= Fe = (x + 62 + 2a)! — | 


o x 


APPENDIX II—DERIVATION OF EFFICIENCY 
EXPRESSION 
In fundamental equation for rotary drum filtration, the 
effective pressure for filtration is expressed as: 
p—-pr=Ep scene 
Integration of Equation (1) to the limit p’ — p results in: 


Pp —P, e. ( Se dv u “ 
——_— —_ —_ ) = o- — y, 
a q Le 1 —ms d® g, 


Further integration produces: 
_ UL 
P Py I} — kw 
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Substitution into E = results in the following, 





Pp 
taking p’ from ee (8): 
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The Application of Statistics to Cost Estimating 


Continued from page 19 


(h) Standard error of Ci: 
=v, 
(i) “t’ for (n — 3) degrees of freedom: 
obtained from Tables of the “?’” distribution.’ * ° 

(j) Confidence limits for Ci: 

=CQittx VV 
For more than two independent variables, such as N and A, 
the procedure is a little more complicated, but the computa- 
tion is made easier by the use of matrix algebra to calculate 
the Gaussian multipliers. 

Table II shows the steps (a) to (j) carried out for the data 
given in Table I for the particular case when C; = 176, Ni = 
240, Ai =z X 1.5 X 16 = 75.4 and n = 10. 

It will be seen that for this particular case the 95% con- 
fidence limits are 176 + 62. The wide spacing is, to some 
extent, due to the fact that the regression equation has been 
derived from only ten sets of hypothetical data. In practice, 
it is advisable to have considerably more (e.g., 50) sets of 
cost values within the range to be considered. 

It is thus possible to produce a regression equation which 
will predict labour costs with known accuracy. 

After the first calculations required for deriving the equa- 
tion, the time required for such a prediction is of the order 
of minutes compared with the hours taken by an experi- 
enced cost estimator in obtaining a labour cost estimate. 
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In order that the regression equations should continue to 
be valid, the cost data used in evaluating the regression 
coefficients m and p must constantly be brought up to date. 
A more rigorous method of analysis would be to split the 
total required labour time into the several trade compo- 
nents, e.g., welding, fitting, machining times, and hence 
produce several regression equations for the times required 
for each trade operation. Since the prevailing hourly wage 
rates will be known, the total labour cost is then easily 
determined. Since this multiple regression analysis simul- 
taneously correlates more than one factor in the make-up 
of the cost, it is obvious that cost predictions are likely to be 
far more accurate than the graphical correlations, such as 
cost vs. tube surface area for exchangers or cost vs. volume 
for storage tanks. 

Regression analysis has proved a very useful tool in the 
chemical and allied industries for the correlation of variables 
which are not necessarily functionally related.‘ The example 
given in this article indicates further the use of this statistical 
technique. 
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CALCULATION OF 
“LEAKY” VACUUM INSTALLATIONS 


Methods of calculating the dimensions of leaky vacuum systems presented in this article 
include short-cut graphical procedures for estimating the permeabilities of seals, 
characteristics of vacuum pumps and of the pumping system in the presence of leaks. 
Also presented is a nomogram for determining the most economical operating conditions 


by ING. A. ROTH 


HE purpose of a vacuum installation is to produce a 
Taaen pressure in a receiver. This requires the produc- 
tion of a reduced pressure in a given time or the maintenance 
of a given reduced pressure over a period of time as a 
function of the characteristics of the receiver. 

If the receiver is “non-leaky”, i.e., if after evacuation and 
separation of the receiver from the pump there is no change 
in the reduced pressure (e.g., phials, electric bulbs, radio 
valves), the calculation of the vacuum installation is con- 
cerned only with the production of a given reduced 
pressure. If, on the other hand, the receiver is “leaky” 
(reaction vessel, distillation flask, power rectifier, etc.), the 
calculations must also take into account the maintenance 
of the desired vacuum. 

The analytical and graphical methods of calculation for 
non-leaky vacuum installations have been discussed in a 
previous paper.' The present contribution is devoted to 
special features of the calculation of “leaky” vacuum instal- 
lations and to the presentation of a graphical method of 
calculation developed for this purpose. 


1. Definition of the Leakage Coefficient 

The degree of leakage of a vessel may be judged by the 
increase in pressure inside the vessel after it has been 
evacuated and separated from the pump. This development 
of pressure is best followed by means of a graph of pres- 
sure against time, counting zero time (tf = 0) as the moment 
of separation of the receiver from the pump (for example, 
the closing of the stopcock separating the receiver from the 
pump). 

The graph of the development of pressure in a receiver of 
volume, V, after separation from the pump, may have one 
of the forms (a, b, c) shown in Fig. 1. All pressure-time 
curves start from the point t = 0, p = pi, where p; is the 
pressure in the receiver at the moment of separation of 
the receiver from the pump. 

The equation of these curves may be written in general 
form as 


dp = dt ee 


In the case of curve a, Equation (1) becomes 





* Translated from Revista de Chimie, 11, 78 (1960) 
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P= Pi 
i.e., dp/dt = 0 and hence f = 0. Curve a represents the case 
where the pressure, pi, existing at the moment of separation 
remains constant, and hence represents the characteristic 
curve of a “non-leaky” receiver. 
The equation for curve + is 
ee ? 
pPp-pi= 7 t ees, 
f being a constant (f > 0). This curve represents the case 
where the rise in pressure is proportional to the time. This 
means that the gas entering the receiver comes from a very 
large source and hence from outside the receiver. The 
general equation for curve c is 


dp =<at couele 


where f has various values from f = fi, corresponding to the 
tangent at the point p= p; to f =0, corresponding to 
the asymptote approached by the curve. In this case the 
increase in pressure becomes less and less as time increases. 
This means that the gas derives from a finite source inside 
the receiver (degasing). 

The value of the constant f characterises the shape of the 
p-t curves. For this reason, f may be called the leakage 
coefficient. 

Consequently, a non-leaky receiver is_ theoretically 
defined as one having a zero leakage coefficient (f = 0). 
This implies that any receiver for which f > 0 is theoreti- 
cally defined as “leaky”. 

From the general Equation (1) it follows that f has the 
units: pressure X volume/time and hence may be regarded 
as the product of the pressure and rate of infiltration or 
evolution of gas (being expressed as mm Hg X litres/min, 
mm Hg X m*/h, etc.). 

If the infiltration or evolution of gas derives from dif- 
ferent sources or in different ways, it is conceivable that 
each of these may be expressed by a partial coefficient 
fi, fe... fn in such a way that the total leakage coefficient, f, 
is given by the relation 


f fi cca 


-M45 


In the most usual case of inleakage from the outside 
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through gaskets, stuffing-boxes, etc., their quality is charac- 
terised by the coefficient of permeability, a, which is defined 
as the quantity of gas (generally in grams) which penetrates 
in unit time through unit length or area of seal. Given the 
proportionality between density of the gas and the pressure, 
we have 

Pp = K.p eee. 


o 
1 
= 





where pp, (g/m*), p (mm Hg) and K = For air 


2 


K = 1.7 g/m* mm Hg. 

Conversion is possible from the coefficient of perme- 
ability of the seal a (g/m hr) to the leakage coefficient f 
(mm Hg m*/h) by means of the relation 

f ay lj 

t K 
where /; is the length of the seal concerned (in m, e.g., the 
circumference of a gasket, a stuffing-box, etc.). The calcu- 
lation is rapidly accomplished with the aid of the nomo- 
gram in Fig. 2 which includes the coefficients of perme- 
ability of the more usual types of seal. 

Example: A vessel sealed with a rubber gasket (point =) 
from the inlet of a receiver having a diameter 32 cm, and 
hence / = 1 m (point 8), has a leakage coefficient given on 
scale f by the point y. 

In the case of a seal whose permeability coefficient does 
not fit into any of the types illustrated in Fig. 2, the value 
of the leakage coefficient, f, may be determined experimen- 
tally. For this purpose one sets up a receiver of reduced 
capacity (e.g., 1 litre) and seals it off with the type of seal 
whose leakage coefficient, f, is to be found. The receiver 
is fitted with a vacuum gauge suitable for the range of pres- 
sures to be measured,* is evacuated with a suitable pump 
down to a pressure p;, and separated from the pump. The 
pressure is read at various intervals of time and the p-t curve 
is traced (as in Fig. 1). The leakage coefficient, fi, of the 
pilot-scale seal is given by the product of the slope of the 
curve and the volume of the pilot-scale receiver: 

my. . V onan 
dt 
while the permeability coefficient, a, of the seal investigated 
may be determined with the aid of the nomogram in Fig. 2 
by working from f towards a. 


. (6) 


2. Pump and Pumping Characteristics 

A vacuum pump is sometimes characterised by the speed 
with which a given pressure may be attained, the lowest 
pressure (minimum) it is capable of giving, or the time 
taken by the pump to reduce the pressure in a vessel of 
definite volume by a given amount. None of these charac- 
teristics, taken individually or in their totality, is capable 
of completely defining the performance of a pump or of 
supplying the complete data necessary for establishing the 
operating régime of the vacuum pump under given pumping 
conditions, For a full appreciation of the capability of a 
vacuum pump, it is necessary to refer to its characteristic 
curve plotted in one of the systems used for the purpose. 

With a view to establishing a correlation between the 
various systems for representing the characteristics of a 
vacuum pump and of the way in which one is derived from 
the other, the characteristic curve of a given vacuum pump 
is represented in its various aspects in Fig. 3 (a-d). 

The system of representation most widely employed by 
vacuum pump manufacturers is that illustrated in Fig. 3a. 
Such a characteristic curve indicates the speed of pumping, 
S, of the pump (on the ordinate, in linear scale) as a func- 
tion of the pressure, p, realised at the suction inlet of the 
pump (on the abscissa, in logarithmic scale). The point po 
at which the curve intersects the abscissa (S = 0) indicates 
the limit pressure which can theoretically be achieved by 
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the pump considered (this point is not obtained by direct 
measurement, but by extrapolation). 

A second system of representing the characteristics of a 
vacuum pump is that illustrated in Fig. 3b. This curve gives 
the product p.S (on the ordinate, in logarithmic scale) as 
a function of pressure p (on the abscissa, in logarithmic 
scale). This type of representation is rarely used by the 
manufacturer of vacuum pumps, but is very useful for the 
user, since it enables him to judge more easily the possi- 
bilities of adaptation for certain installations (the way in 
which this is done will be shown below). 

For the determination of the duration of pumping the 
curve 


l 
x f (log p) 


is plotted as in Fig. 3c. On the basis of Gaede’s* general 
relation, the duration of pumping is given by: 
Plog p 


d (log p) — 


S 
“ log pr 
This relationship in graphical form expresses the fact that 
the time necessary for pumping unit volume is given by the 
area enclosed between the curve 1/S =f (log p), the 
axis log p, and the ordinates corresponding to the pressure 
p, at the beginning of pumping and to the pressure, p,, at 
the end of the pumping period. 

By dividing the area under the curve c (Fig. 3) into zones 
corresponding to given intervals of pressure (e.g., one order 
of magnitude each), determining the average of 1/S for 
each interval, and calculating the product 

A log p (1/S)av. 

one obtains the duration of pumping for each interval. By 
representing these values in a cumulative manner, starting 
off with atmospheric pressure and working towards lower 
pressures (in the direction of the arrow in Fig. 3d), for 
every interval, at the lower pressure which demarcates the 
interval, one obtains the presentation of Fig. 3d. On such a 
curve it is possible to read off the time ¢ necessary for the 
evacuation of unit volume from atmospheric pressure to the 
corresponding pressure, p. It must again be underlined that 
all these characteristic curves refer to the pump itself, that 
is, to the speed of pumping, duration and pressure measured 
at the suction inlet of the pump or transposed to it by cal- 
culation (if the measurements have been made in receivers 
attached to the pump, taking into account the conductance 
of the pipe connections between pump and receiver). 

When using the pump the data indicated by the charac- 
teristic curves of the pump cannot be assumed to be followed 
also in the receiver being evacuated. If the effect of the con- 
ductance of pipe connections is not neglected until calcula- 
tion has shown this to be justified, one avoids the unpleasant 
surprises which sometimes occur when, after constructing a 
plant, it is found incapable of achieving the performance for 
which it was designed. The error arises from the assimilation 
of the rate of evacuation realised in the receiver with the 
speed of pumping indicated from the pump characteristics. 

The rate of evacuation, S,, realised in a receiver con- 
nected by pipework of conductance C to a pump having 
a pumping speed S is given by: 


. £8 
a or 
S-stt (9) 
or 
S , 
Sr : G onlen 
a: 


Since, independent of the values of S and C, we always 
have 


l1+—+>1 


Cc 
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it follows that S, is always smaller than S, and hence the 
rate of evacuation is always less than the speed of pumping 
of the pump. 

For pumping, Boyle’s law is written 

p.S=p-.S, concQnee 

where p and § are the pressure and speed of pumping of 
the pump, while p- and S, are the pressure and rate of 
evacuation in the receiver. 

From the above, denoting S,/S = N (Equation (11)), we 
have for the pressure, p,, in the receiver the expression: 


Pr =p. =pIN aannnee 

Because §, <S (N<1) we always have p,> p, and 
hence the pressure in the receiver is always greater than 
that at the pump. 

The transfer from the pump characteristics to the con- 
ditions of evacuation in the receiver is accomplished with 
the aid of Equations (9) to (12). It can be effected by start- 
ing off with the curve, S = f (log p) (Fig. 3a) and calculating 
point for point the corresponding values of S, and p,. In 
this way one obtains the curve S, = f (log p,-) (Fig. 3e). 

In the construction of the curve (Fig. 3f) equivalent to 
that of Fig. 3b—although the relation (10) enables direct 
transformation from p. S to p, . S;—it is nevertheless neces- 
sary to calculate the individual values of § in order then 
to be able to find the values of p, (Equation (12)). As in the 
case of the transformation from curve 3a to 3e, the trans- 
formation to 3f can only be made point for point. 

From the curve 1/S = f (log p) (Fig. 3c), it is possible to 
construct graphically the curve 1/S, = f (log p) by adding 
to the ordinate of every point of the curve the value 1/C 
(Equation (9)). The curve which results is that denoted by 
1/S-p in Fig. 3g. The value of N can be plotted on the 
same figure; each point N results from the ratio of the 
ordinates of the curves 1/S and 1/S,», since according to 
Equation (12): 

S tt. 1 

S S ~ S; 
With the aid of curve 1/S,, and N, it is then possible to 
construct the curve S, = f (log p-) of Fig. 3e, the ordinates 
of the points being the inverse of the values indicated by 
the ordinates of the curve 1/S,) (Fig. 3g), while the 
abscissae are given by the ratio of p and N. 

From the curve S, = f (log p) (Fig. 3e), it is then possible 
to construct the curve of Fig. 3f directly. 

The difference between pump and evacuation characteris- 
tics is best illustrated by a comparison of the curves of 
Figs. 3a and 3e. This pair of curves does not, however, allow 
reading off the values of S, and p, at the receiver correspond- 
ing to given values of § and p of the pump. 

The system of representation of Fig. 3b and 3f does not 
reveal the deformation of the pump curve transposed at 
the receiver, but enables direct reading-off of the value 
of p, existing in the receiver at the moment when the 
pressure in the pump is p (e.g., to the pressure p—point y 
there corresponds p,—point ~). 

The direct reading of a pair of S,, p, corresponding to a 
pair S, p can only be made with the aid of a diagram com- 
posed of four curves of the type of those of Fig. 3a, b, e, f. 
Starting off from § (point z) on such a diagram, one passes 
to point 8 and finds the pressure p (point y). Passing then 
on the vertical to the curve of Fig. 3b, one finds the point 
6. The point on the horizontal of Fig. 3f corresponding 
to point 4 is point «. The vertical of the point indicates the 
pressure in the receiver, p, (point \); the intersection of 
the vertical with the curve of Fig. 3e (point A) determines 
the rate of evacuation in the receiver (point /). 

Besides the curves shown in Fig. 3, it is also usual, in the 
case of vacuum pumps, to plot curves of the type illustrated 
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in Fig. 4. These curves indicate the power consumed by 
the pumps as a function of the pressure, p, realised at the 
suction inlet of the pump. From the curve it is seen that, 
starting off at atmospheric pressure, ghe power consumed 
by rotary oil vacuum pumps rises at first and then falls to a 
minimum, after which it rises again. 

The bearing that this shape of the curves has on the 
choice of the pumping régime will be shown in Section 4. 


3. The Characteristics of the Pumping Régime 
for “Leaky”’ Receivers 
In the course of evacuation of a non-leaky receiver the 
pressure in the receiver falls continuously and tends towards 
the limit pressure, po, of the pump. This is not so in the 
case of leaky receivers; in this case the pressure in the 
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Fig. 3. Various systems of representing pump and 
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Fig. 4. Curve of P (power consumed) as a function of 
Pp (pressure at the suction inlet of rotary vacuum 





pumps). 


receiver cannot fall below a given critical pressure, p’. 
The product p,.S, (Fig. 3f) falls as evacuation proceeds, 
independent of the type of receiver. For a receiver having 
a leakage coefficient f, the product p,.S, continues to fall 
as long as it is larger than f. The moment the equality 

pr. Se =f es 
is reached, the pressure in the receiver stabilises itself, The 
critical pressure is therefore the pressure p’, given by the 
equation 

p’ =f/S, «sane 

From Equations (9) and (10) we obtain: 


S A # Z) 
= == a —— —_ = +— eee 15 
Pr=p S Pp ste) p(t red (15) 
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For the same relation L. DUNoyER® gives the formula 


1 
Pr=pPp.- a 


ioe 


Transforming this formula (on the basis of the general 
Equation (9)), one arrives at 


— 
Pr>P. S 


which would mean that the pressure, p,, is always smaller 
than p, which is impossible, Clearly, all the other con- 
clusions drawn by L. DuNoyeER on the basis of this formula 
must be wrong too. For instance, the conclusion that the fall 
of p’ is partly due to a fall of the pressure p at the suction 
inlet of the pump, and partly due to a fall in the 


factor as the value of S increases, is qualitatively 


1 

1+ S/C 
also in error. Quantitatively, it is possible for an increase in 
the speed of pumping, S, to be accompanied by a decrease 
in the value of p’, on condition that the decrease of the 
factor p should be greater than the increase in the value of 
the factor (1 + §/C) of Equation (15). The minimum con- 
ductance of the pipe connections which is necessary for a 
pump having a pumping speed § to evacuate the enclosed 
space of a receiver at the rate S, is given—according to L. 
DuNoYER®’—by 


= Sr 

~1—S/S; 

But, starting off from Equation (9), there results 
I I I 


Cmin- - 


cS S$ 
or 
S 
Cmin» =7—F, SIs ++ (16) 


On the basis of Equations (16) and (14), there results 


f 
Cc =—+——— son 
p.(l—N) ay 
On the basis of Equations (15) and (17) the nomogram of 
Fig. 5 has been constructed. This nomogram enables the 
following : 


determination of the pressure p’ and of the factor N, 
if S, C and f are known; 

determination of S and N, if C, f and p’ are known; 
determination of p’ and f, if S, N and C are known; 
determination of C and S, if f, N and p’ are known. 


The method of using the nomogram is indicated by the 
example actually traced in Fig. 5; starting off on scale § 
(point z) and scale C (point 8), one determines point 7 
(scale S,). The intersection of the vertical through point + 
with the corresponding f curve (point 6) determines the 
pressure p’ (point «). If S, S, and C are read off from the 
scales whose figures are given in brackets, the values of f 
must also be chosen from those given in brackets. The 
intersection of the straight line e-7 determines the point A, 
while the intersection of the straight line A-« determines the 
point v (value of N). 

In order to extend the range of applicability of the nomo- 
gram in Fig. 5 as far as possible, the scales S, §, and C have 
not been expressed in any particular units so as to be valid 
for any units in which they can be expressed: cm*/s, 
litre/min, m*/h, 1/s—as long as the same units are used 
throughout for these quantities. Similarly, f must be ex- 
pressed in the units appropriate to those of the product 
formed with the units selected for S, such as mm Hg. cm'/s, 
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5. Combined nomogram for the determination 


mm Hg. litre /min, etc, In order to facilitate the conversion 
from one scale to another, parallel scales constructed for 
the purpose are included on the right-hand side of the 
nomogram (Fig. 5). Readings on the two scales of interest 


are taken at the intersections with the horizontal line 
(e.g.: a-b). 
4. Economic Criteria for the Selection of the 


Pumping Régime 

From the curves P = f (p) (Fig. 4) of the pump it is seen‘ 
that for rotary oil pumps the power consumed is a mini- 

mum at a pressure, p. given in general by 
p 
where py is the limit pressure of the pump. It is normal 
for the pump to operate the more economically the nearer 
the pressure of the régime approaches the value p.. In the 


ideal case 


2p 


2p osncteae 


Pec =p 


Due to the fact that the slope of the curves is lesser from 
p. towards higher pressures than between p. and po, if the 
pressure of the régime cannot be made equal to p., it is 
more economical if it is a little higher. Thus, one may 
indicate a region of pressures for economic Operation given 


by 
Pa 
Po 


4 


For calculations one may therefore take p 3 po, Which 
value, when related to Equation (14), determines S,.: 


oi 
3 Po 


Sec acavlley 
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of the pumping characteristics of “leaky” receivers. 


When designing for operation under economic conditions 
with a pump of given p and a receiver of given f, one starts 
in Fig. 5 with the value S,. given by Equation (19). 


Conclusions 

For the calculation of a “leaky” vacuum installation it 
is necessary to know the leakage coefficient, /. This may be 
ascertained with the aid of the nomogram in Fig. 2, either 
by making use of the values of the permeability coefficient 
of a given range included in the diagram, or by determining 
the coefficient of permeability experimentally, on a pilot 
scale (in the manner described in Section 1). 

The evacuation curve of the receiver shows the stabilisa- 
tion of the pressure in the receiver at a critical value p’ 
(Equation (14)) determined by the leakage coefficient and the 
rate of evacuation from the receiver. 

Taking into account the correlation between the curve of 
the pump and the evacuation curve (Fig. 3), the operating 
pressure which one attains in the receiver is a function of 
the leakage coefficient, the conductance of the pipe connec- 
tions, and the ratio N (Equation (17)), The nomogram of 
Fig. 5 permits the determination of some of these charac- 
teristics as a function of the known characteristics, 

The characteristics for the most economical operation 
may be determined with the aid of the same nomogram 
making use of the value S,, determined from Equation (19). 
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RECENT ADVANCES IN HEAT TRANSFER 


The most recent joint heat transfer conference of the A.I.Ch.E. and A.S.M.E.* brought forth many 
papers of interest to chemical engineers. Most of them are summarised in this article. Subjects 
dealt with are heat transfer in the critical region, laminar film condensation upon flat plates and 
horizontal tubes, radiation and a method of investigating heat transfer ratios in evaporators 


HE aspects of heat transfer covered by this Conference were, 

broadly speaking, those of radiation, convection, heat trans- 
fer associated with changes of phase and in the presence of 
particulate solids. A number of recent techniques such as those 
of wick-boiling and film cooling were treated, and a few new 
design procedures made their début, notably one for estimating 
the surface area of dehumidification equipment and another for 
the drying of solids in a fluidised bed. 

Before passing to an outline of papers dealing with heat 
transfer accompanied by change of phase, mention will be made 
of a paper given by Hsu and SmitH (paper 60 HT8). 


Heat Transfer in the Critical Region 

In opening this paper, its authors note that conventional ways 
of dealing with changes in fluid properties in heat-transfer coeffi- 
cient equations do not apply when the fluids are near the critical 
point. 

For example, when the density changes transverse to the flow 
of a fluid in heat transfer within a tube, the variable density can 
affect the transfer of momentum and heat. In the case of vertical 
tubes variation in the force of gravity across the tube diameter 
can induce natural convection. A quantitative treatment of each 
of these effects was the purpose of these two authors in their 
paper. In their treatment of the subject they consider first the 
effect of density variations upon the transfer of heat and 
momentum and they represent the variation of density by the 


following equation: 
T\« 
a a 
o a( 7) 


Temperature and velocity profiles across tube are obtained by 
integrating the equations for momentum and energy transfer, a 
method proposed by Deissler being used for this purpose. 

From the profiles, equations are obtained by integrating the 
equations for momentum and energy transfer, a method pro- 
posed by Deissler being used for this purpose. 
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and the Nusselt number (properties evaluated at wall tempera- 
ture) is given by: 
Nup 2rh a 2r+Pro 
ko th 
To elucidate the effect of natural convection for turbulent 
flow in tubes they examine the effect of body force on the 
distribution of sheer stress in the fluid. To show the effect of 
natural convection a plot of Reynolds vs. Nusselt number is 
made with Grashof numbers as parameters (Fig. 1). 
The effect of natural convection is to flatten the velocity profile 
and to increase the heat-transfer coefficient. The equations were 
applied to experimental results reported in the literature for the 


aS 





* First National Heat Transfer Conference and Exhibit sponsored jointly 
by the Heat Transfer Divisions of the A.I1.Ch.E. and the A.S.M.E., August 
1960 


January, 196] 
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flow of CO: in the critical region. For the conditions of these 
results typified by high Reynolds and low Grashof numbers, 
the contribution of natural convection to the heat transfer is 
unimportant. But the density variation is significant and the 
predicted results agree well with the data for COs. 





Symbols Used 


Cp = specific heat at constant pressure; 
q = heat flux, Btu/hr sq ft; 
r = tube radius, ft; 
r+ = dimensionless radius 
-4(3)' @) 
=r\— = 3s 
Po Uo 
T = temperature, °R; 
t = temperature, °F; 
t+ = dimensionless temperature 


= ('-F) 


U*+ = dimensionless velocity 


To\—t 
4 t= 

ro 
v = distance from the tube wall, ft: 
dimensionless distance 


-»(2) (2) 
‘ Po {Lo 
r t 
i= qol Tol Po)? , dimensionless; 
Cpotolo 
density, Ib/ft*; 
r = shear stress, lb ft/(hr° sq ft). 


II 


Il 


Subscripts 
b = denotes bulk mean value; 
o = denotes value of quanitity at the tube wall. 


Superscript 
+ = denotes dimensionless form. 











Heat Transfer Accompanied by Phase Change 

In many processes, such as the evaporation of heat-sensitive 
materials in tubular evaporators, equipped with heated surfaces 
of low thermal conductivity, the decisive operating variable is 
the heat-transfer resistance through a thin layer of thermal 
decomposition products deposited upon the tube interior. In the 
study of heat transfer in the presence of fouling, there is need 
for a method of measuring the fouling resistance directly, a 
requirement which led to the method presented by MorGAN and 
CARLSON (paper 60-HT-1). 

This consisted of converting the tube of their single-tube 
evaporator into a series of resistance thermometers. They found 
this device capable of evaluating the mean wall temperature 
over a short interval to +4°F for a single observation upon a 
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stainless-steel tube. The heat flux conditions to which this degree 
of accuracy applies are less than 1,200,000 Btu/hr sq ft in the 
case of a stainless-steel tube. In the case of a copper tube, this 
accuracy applies to heat fluxes less than 3,900,000 Btu/hr sq ft. 
The method, extended to measure heat flux passing through a 
tube wall, is accurate to about +20,000 Btu/hr sq ft. The two 
methods may be combined to provide a means of calculating 
wall surface temperatures of single-tube experimental evapora- 
tors. 


Laminar Film Condensation on Flat Plates 

In an analytical study of laminar film condensation, MING 
CHEN solves the boundary layer equations of momentum and 
energy for the case of laminar film condensation at a flat vertical 
plate. This analysis employs the more realistic boundary condi- 
tion of stationary vapour remote from the interface instead of 
that of zero velocity gradient at the interface, as assumed by 
previous investigators who thus neglected the drag due to 
initially stationary vapour, an effect comparable to the accelera- 
tion within the condensate film. 

To solve the condensation problem momentum and energy 
equations are set up in the integral form, using the boundary 
layer assumptions. For the solution of velocity profiles an in- 
ternal momentum balance is made, whereas for temperature 
profiles an internal energy balance is used. The equations are 
soluble by perturbation methods, 

One of the results of this analysis is an expression for the 
ratio of the actual Nusselt number to that obtained from the 
simple Nussélt theory, as given by: 


i 3 gpl(e— en) 
Nui.oc 0.943 (Ser ukAt 

De 
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mace = (ae) (4#)*( z) 
Nujoo Boo 1 + 3a 1a De 
In this equation values of A, B, C and D are ane from 
previous solutions of velocity and temperature profiles. 
Values of this ratio are plotted against the heat capacity para- 
meter and the momentum parameter for different values of the 
Prandtl number are shown in Figs. 5 and 6 of this paper. 
Another quantity of interest to designers is the condensation rate 
and the following expression for a dimensionless condensation 
rate is derived 


r B 2 — : 
Doo (aa + 55) (; + 3 5 ar 
his relation is plotted in Fig. 2 
The previous theoretical results can be approximated within 
1% by the following relation: 
him (; + 0.68 + 0.020E\t 
lmoo \1+ OEE OSE) 
4 hm 1 


Too  fimoo 1 + 0.345% + 0.02083 — 0.0005ZE* 
The range of application of these equations are, heat capacity 
parameter up to 2, and the momentum parameter up to 20; and 
for liquids with Prandtl numbers greater than 1, or less than 0.05. 
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Laminar Film Condensation on Horizontal Tubes 

This work was extended to single and multiple horizontal 
tubes. For the single tube, the inertia effects are included and 
the vapour is assumed to be stationary outside the vapour boun- 
dary layer, and it is also assumed that the product of vapour, 
viscosity and density is very much less than the same product for 
the liquid phase. 

It is well known in practice, that in the case of multiple tube 
arrangements, the lower tubes give very much higher heat- 
transfer rates than Nusselt’s theory predicts. One explanation 
attributes this to splashing and to random spilling-effects diffi- 
cult to predict. While Minc CHEN believes these effects to be im- 
portant, he also considers that condensation and momentum 
gain in between tubes may also contribute to increased rates 
of heat transfer. 

These effects are also considered for vertical tube banks. The 
momentum effect, which cannot be treated by the boundary 
layer theory, is expected to be of the same order of magnitude 
as the momentum parameter so that it cannot be neglected in an 
analysis where other momentum effects are included. For this 
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Fig. 1. Nusselt number versus Reynolds number, with 
Grashof number as parameter. 
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Fig. 2. Theoretical condensation rates. 
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Fig. 3. Comparison of multiple-tube theory with 
experimental data. 








Fig. 4. Average heat-transfer coefficient for a vertical 
bank of n horizontal tubes. 








reason, the interest is restricted to the case where the accelera- 
tion-effect parameter = 0. This is not a serious restriction, since, 
for most fluids, Pr > 3 and the acceleration-effect parameter < 
0.1. The following equation represents the departure of the con- 
densation heat transfer for vertical banks of horizontal tubes 
from Nusselt’s theory. 


(n) h-1 z 
emt mt = n-Bca + Downs (FB) a + DOK 
hm,oo™ i=0 Boo 


The theory produced by MinG CHEN predicts a higher rate of 
heat transfer through condensation occurring in between tubes; 
theory and condensation results reported in the literature are 
compared in Fig. 3. The lower limits of the data follow the 
trend of the theoretical curve closely, thereby supporting the 
view that condensation takes place in between tubes. The fact 
that some of the data lie above the theoretical line can be 
explained on the basis of splashing and dripping which did not 
take place in those of the tests which agreed with theory. For 
the design of condensing equipment it is considered that no 
allowance should be made for these phenomena, since they are 
unpredictable. For this reason Fig. 4 is suggested for use in pre- 
ference to empirical equations which do not take account of 
variation in the heat capacity parameter. 

The results obtained can be represented to within 1% of the 





Symbols Used 
_ out 
at 

or+ 


B= dyt ] _ (dimensionless) ; 


| (dimensionless) ; 
y*=0 


1 
c= u+2dy+ (dimensionless); 
0 
c = specific heat of constant pressure; 
1 
D=1 -f ut+t+dy+ (dimensionless); 
0 


g = gravitational constant; 
h = heat-transfer coefficient; 
hm™ = mean _ heat-transfer coefficient 
horizontal tubes in a vertical row; 
k = thermal conductivity; 
1 = total length of flat plate; 
Nu: = hm1/k (dimensionless); 
Pr = c »/k (dimensionless); 
q = heat-transfer rate; 
t = temperature; 
1+ = (t — tw)/ At = (t — tw)/(ti —tw) (dimension- 
less); 


for n- 


At = ti — tw (dimensionless); 
u = velocity of liquid in x direction; 
_ 5 
ua = Yi ° udy 
Us = velocity of vapour in x direction; 
u+ = u/ua (dimensionless); 
y = co-ordinate measuring distance normal to 


plate; 
y+ = y/y; (dimensionless); 
# = viscosity; 
p = density; 
peo = density of vapour; 
A = latent heat of vaporisation; 
¢ =cAt/A, heat capacity parameter (dimension- 
less); 
£ = kAt/pA, acceleration effect parameter (dimen- 
sionless). 
Subscripts 
oo = pertaining to the case ¢ = £ = 0, i.e., neglect- 
ing heat capacity and acceleration effects; 
i= pertaining to liquid side of liquid-vapour 
interface; 
m = pertaining to the overall mean value; 
v = pertaining to vapour. 
Superscript 
+ = pertaining to dimensionless velocity and tem- 
perature profiles; see ut, t+, yt. 
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theoretical value, by the following equation 





li (”) 1 + 0.68% + 0.02tE\% 
am nt = [1 + 0.20 (n— : 
knew = = Th + ORG) (j + 0.956 — 0.15tE 


which applicable to the following conditions: Pr=—0.05, or 
Pr=1; heat capacity parameter (£)=2; momentum parameter 
€ = 20 for single tubes, or = 0.1 for multiple tubes and (n — 1) 
<= 2. For multiple-tube calculations the momentum parameter £ 
may be neglected if it is less than 0.3. 


Radiation Heat Transfer 


Among papers coming within this sphere was one discussing 
the performance of Dowtherm vaporisers equipped with fast 
reaction-type burners (paper 25). Its authors, J. H. Born and 
M. L. Jones (Foster Wheeler Corporation, New York), observed 
an improvement in the performance of the furnace, reflected in 
a lower furnace temperature and high heat adsorption rate, 
which they attributed to the rotary motion of the flame mass 
and to its greater luminosity, 

MacKay and LEVENTHAL (North American Aviation Inc.) 
were interested in the radiant heat transfer from a flat plate 
uniformly heated on one edge and from a tapered thin surface 
with constant temperature gradient uniformly heated at the root 
(papers 23/24). They propose a method of calculating the 
amount of heat that can be rejected from tapered thin surfaces 
by radiant interchange with these surroundings and, in addition, 
they provide graphs to help the designer choose the optimum 
plate dimensions for heat rejection by radiation, 

In greater detail the remaining papers in this field are 
summarised below. 


Radiant Heat-transfer Analysis of a Furnace or 
Other Combustion Enclosure 


Closely related to practical problems was an analysis of heat 
transfer by radiation within a furnace or other combustion space. 
The method usually applied to heat transfer in furnaces, 
developed some years ago by Loso and Evans, is based upon 
an idealised furnace geometry and combines theory with ex- 
perimental results to obtain an empirical solution for the radia- 
tion heat transfer. The method proposed by Bevans (60-HT-12) 
considers the actual furnace geometry, the radiation proper- 
ties of a surface are not restricted to a single value and the 
heat flow and/or temperature is an average value for a particular 
surface and not the entire heat transfer area of the furnace, 
BEVANS’ proposed method, like the earlier Lopo and Evans’ 
procedure, assumes the gas to be isothermal and does not dis- 
tinguish between oil and gas flows. 

In developing his method, BEvANs introduces a quantity 
which forms the starting point of his procedure. This is the 
radiosity, defined as the sum of emitted and reflected incident 
radiation from a surface and whose total for a given surface is 
a linear combination of the total emissive power of the surface 
and the heat flow. A series of equations are given including two 
which give the total radiosity when either the effective radiation 
temperature of the gas or the heat flow is given. The temperature, 
which is not necessarily a physically measurable quantity, is 
determined by a heat balance on the gas. 

The series of equations for radiosities, emissive powers and 
heat flows which are conveniently tabulated in the paper, involve 
the splitting up of the enclosing surface into its geometrical parts. 
If, for éxample, the black body emissivities and heat flows for 
some of the surfaces are known then the number of simultaneous 
algebraic equations requiring solution will be less than the 
number of surfaces. In the case of a surface which does not 
“see” itself the number of equations and the number of surfaces 
are identical. For solution of the radiosity equations various 
methods are available, i.e., matrix, relaxation and repetitive 
substitution. After radiosities have been computed, the heat 
flows may be calculated for the separate surfaces by means of 
one of the equations derived. 

However, its author points out that this interesting method 
cannot be widely used at present because of the shortage of 
certain essential data; for example, geometric transmissivities, 
emissivities and absorptivities for various configurations, The 
sole data on tube banks for example are those of Hottet for 
infinitely long tubes adjacent to an infinite wall; also, emissivity 
values for furnace surfaces is scanty. 
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Variable 
Speed Drive for 
Centrifuge 


AT A PLANT producing crystalline 
products (e.g., ammonium sulphate) 
which are separated from their mother 
liquors by means of centrifuges with 
800-mm-diam. baskets, operating at 
speeds in the range 560-650 rpm, tests 
showed that the centrifuging operation 
was best carried out at variable speeds 
within the range 600-1200 rpm. 

Efforts were therefore directed to 
making a simple means of controlling 
the rotary speed of the centrifuges, one 
which could lend itself to remote con- 
trol. Accordingly, a hydraulic coupling 
was chosen to replace the original V- 
belt transmission, and its filling of 
hydraulic fluid was made variable in 
order to provide adjustment to the 
speed. This was done by allowing some 
of the liquid to overflow from the 
hydraulic circuit. 

The following are the main features 
of this drive and its method of 
operation. 

The oil is fed under slight pressure 
to the main bearing of the centrifuge 
shaft at point (8) in the illustration. 
From here it passes through four radial 


THE DIAGRAM SHOWS a _ simple 
method of providing an alarm for the 
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holes (10) into a central channel (11) 
into the hydraulic coupling. Four ducts 
in the rotating part of the coupling (4) 
allow the oil into the fixed body of 
coupling (5), which is fitted with the 
mechanical seal (6). The oil is dis- 
charged from this component through 
the branch pipe (12). It is the rate of 
this discharge which governs the speed 
of the centrifuge mainshaft. The oil 
circulates in the system at a rate of 
0.5 litres/sec.; the mainshaft (9) of the 
centrifuge and the rotating cup (4) are 


Simple Low Flow Alarm 


cooling water supply to high-tempera- 
ture pump-bearings, small condensers, 
diffusion pump or other equipment re- 
quiring a supply of cooling water. The 
pipeline conveying the water contains 
a side branch to which is fitted a 
bellows closed at its remote end. This 
is in contact with the plunger of a 
microswitch, the position of which can 
be adjusted by means of a set screw, 
the switch itself being arranged to 
swivel around its single screw mount- 
ing. The sensitivity of this device de- 
pends upon the stiffness of the switch 
and bellows and the resistance of the 
water-line outlet. This latter can be 
controlled by means of a small needle 


sealed by means of fitting (7). An ad- 
vantage of circulation is that it allows 
the oil to be cooled should it become 
overheated during the operation of the 
coupling. 

For the particular coupling used 
for this modification, approximately 
11 litres of liquid are required in the 
circulating system, in order to trans- 
mit the maximum moment to the 
turbine wheel (3) and at the maximum 
speed of the centrifuge shaft. 


From Coke and Chemistry (USSR), No. 6, 1960. 


or pinch valve fitted downstream of the 
side arm. If tubing of 4 in. bore is used, 
the switch can be made to operate at 
flow rates between } and 2litres per 
minute with a sensitivity of make and 
break of 0.1 litres per minute, Since 
microswitches are fitted with three con- 
tacts, it is possible to arrange for the 
expansion of the bellows to open the 
circuit, which is the situation under 
normal operation. If the flow of liquid 
falls to a dangerously low level or 
stops altogether, the contraction of the 
bellows closes the switch and actuates 
an alarm. 


(Based on an article in Journal of Sci. Inst., 
1959, 36, 98.) 
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Plastic Lining 


Reduces Costs at Drying Plant 


THE USE OF PVC paste lining for 
equipment used in a china clay pul- 
verising and drying unit resulted in a 
useful reduction in cost. In the process 
dehydrated particles of clay are forced 
by a blast of hot air into a chimney 
where they are collected before being 
released into a hopper for packing. (See 
accompanying illustration.) It was 
necessary for the chimney to withstand 
not only the corrosive action of sulphur 
trioxide present, but also the erosion 
of the chimney by particles of clay. 
The latter is especially undesirable, 
because its occurrence would cause the 
contamination of the clay with metal 
particles. 

It was thought at one time that a 
natural rubber lining would be the 
answer to this problem, but its use re- 


Avoiding 


ONE QUESTION WHICH the engineer 
should always ask himself in designing 
equipment for corrosive conditions is 
whether it is necessary for it to last 
for ever in its corrosive environment. 
If it is found that the replacement of 
part of a unit is feasible, then the parti- 
cular component must be designed for 
easy replacement. Specification of sur- 
face finish is also sometimes necessary. 


vealed rubber to be unsuitable through 
its poor ageing properties. A much 
more satisfactory solution was found 
to be the application of a PVC paste 
to the chimney interior surface. This 
was found to offer a surface with satis- 
factory corrosion and abrasion resist- 
ance, coupled with good adherence to 
the base metal. Compared with rubber 
lining, the PVC coating has cut the first 
cost of lining by 10% and at the same 
time has provided a much more 
durable form of protection. 

In addition, a further saving has 
been achieved by lining the chimney ex- 
ternally. Previously, lagging had been 
provided to ensure that the tempera- 
ture within the chimney did not reach 
the dewpoint before the clay could be 
discharged. The operating conditions, 


Corrosion 


If the interior of a piece of equipment 
can only be cleaned by flushing, then its 
surface should be more highly polished 
than one which, being exposed, is easily 
cleaned, given the same corrosive fluid. 
Another good point, when a concen- 
trated corrosive fluid is being intro- 
duced into a metal vessel, in which it 
will be present at a lesser concentra- 
tion, is to direct it to the centre. 


Vacuum Valve 
Indicator Light 
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IT IS OFTEN NECESSARY to have a 
signal to show whether a valve is open 
or closed. This is simple enough with 
some types of valve, such as when the 
handle makes less than a revolution, 
such as is the case with a plug cock; 
with diaphragm valves, however, it is 
much more difficult to tell from the 
handwheel whether such a valve is 
open or closed, and to overcome this 
difficulty the modification illustrated 
was devised, 

The diaphragm valve shown, a com- 
ponent of a vacuum system, has a 
piece of aluminium foil (A) cemented 
to its diaphragm: the foil is insulated 
from the body of the valve by tape C. 
When the diaphragm driver (D) de- 
presses the diaphragm against the seat, 
it makes electrical contact with the foil. 
Thus, by connecting to a warning light 
and a low voltage supply, a simple 
alarm system is provided. 


Abstracted from Journal of Scientific Instru- 
ments, 1959, 36, 141. 


however, were such that the magnesia 
lagging had a comparatively short life 
of about two years. The external cover 
offered by the PVC paste has given 
sufficient insulation to prevent conden- 
sation and has proved much more 


durable. 
(Published by courtesy of British Geon Ltd.) 








Contributions 
invited 


THE EDITOR invites readers to 
submit, for possible publication 
in “Process Engineer’s Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The 
should be of about 


contributions preferably 
250-500 
words, and be illustrated with a 
line diagram or sketch, or a 
photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 


ing to his wishes. 
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The 1960 1.S.A. Show 


HE fifteenth annual Conference and Exhibit of the 

Instrument Society of America was held last September 
in New York. Supplementing the numerous lectures and 
seminars and every aspect of instrumentation was a large 
exhibition held in the Coliseum, in which nearly 400 firms 
took part. In addition to the many complex communica- 
tions and military electronic devices displayed, there was 
a good proportion of instrumentation and control equip- 
ment for industrial process use. Typical items of interest 
and of recent origin are described below. 


Valves 

One unusual item shown was the Bendix fluidal valve, 
which incorporates all the actuating mechanism within the 
valve body and employs only one moving part. This is an 
internal sleeve which is actuated by air pressure and slides 
in a direction parallel to the fluid flow, to give the designed 
flow rate. Closure is effected by the down-stream lip of the 
sleeve seating on an internal plug which is centrally mounted 
in the body by a streamlined spider. Standard valve sizes 
from in. to 24in. are available for pressures between 
25 psig and 12,000psig and for temperatures between 
—65°F and 400°F. Special models up to 72 in. and for more 
extreme operating conditions can be furnished in numerous 
alloys. This type of valve is said to be particularly suitable 
for automatic control, since the balanced piston-sleeve pro- 
vides minimum hysteresis and fast response—as high as 
120 cycles/sec in some systems. The manufacturer is the 
Bendix-Pacific Division of the Bendix Corporation. 

Another new type of valve was displayed by Airmatic 
Valve Inc. of Cleveland, Ohio. This Tube-O-Matic valve 
employs an internal rubber sleeve which closes on internal 
annular seats when air or hydraulic pressure is applied out- 
side the sleeve. At present, these valves are only obtainable 
in small sizes, designed for solenoid operation. Although 
pressure drop in these valves is appreciable, the simplicity 
of design and electrical operation are useful features. 

One item strictly for process men was the ram valve, made 
by Strahman Valves Inc., of Florham Park, New Jersey, 
which has been designed to eliminate plugging problems when 
draining or sampling vessels and lines; it incorporates 
a long piston, which not only opens and closes a drain port 
in the valve body, but can be made to protrude several 
inches in the interior of a vessel, thereby breaking through 
deposited sludge and scale. Manual, pneumatic or motor- 
operated designs of this valve are available. 


Flow Meters 

Fischer & Porter Inc. demonstrated their recently intro- 
duced Magnarator variable-area flowmeter. This embodies 
an indicator-transmitter operated by a magnetic follower 
of ingenious design and is available for rates up to 100 gpm 
of liquid or 400scfm of air. The transistorised F & P 
magnetic flowmeter was also shown. Schutte & Koerting 
Inc., of Cornwells Heights, Pa., displayed their latest mag- 
netic and electronic alarm-rotameters, as well as their useful 
by-pass rotameters which can be used to measure large 
flows in horizontal lines. A well-built ring-balance flow- 
meter with optional electronic computation and trans- 
mission was shown by Hogan Chemicals & Controls Inc., 
of Pittsburgh, 30, Pa., who also demonstrated their latest 
cartridge-type inking system for chart recorders. 
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Nuclear and Electronically Operated Instruments 

Several companies, such as the Nuclear Chicago Corpora- 
tion of Des Plaines, Illinois, and The Ohmart Corporation, 
of Cincinnati, Ohio, exhibited a variety of radiation-type 
density and moisture gauges for process and field applica- 
tions. The Nuclear-Chicago 500 series of instruments com- 
prises gauges for continuously determining and controlling 
the densities of bulk materials, slurries and liquids, via the 
use of gamma-ray techniques, The water contents of bulk 
solids and liquids can also be determined, with automatic 
compensation for density variations. Analogue and digital 
control systems are available to provide process control, 
read-out information and integration with computer control 
as desired. The N-C d/M model is a portable density and 
moisture gauge suitable for surface or underground measure- 
ment in the field, and sells for about $1500. 

Other recently introduced moisture gauges that were 
exhibited included the Aquatel made by Curtiss-Wright 
Inc., of Princeton, New Jersey, and the Model “W” analyser 
of Meeco Instruments, Hatboro, Pa. The Aquatel measures 
the A.C. conductivity of sheet or strip, with automatic com- 
pensation for capacitance, while the Model ““W” instrument 
measures the moisture content of gas streams electrolytic- 
ally down to limits below one part per million. 

Alpha-radiation has been ingeniously adapted to the trace 
monitoring of toxic gases in the new “Billion-Aire” analyser 
made by Mine-Safety Appliances Inc., of Pittsburgh, 8, 
Pa. Operating in the parts-per-billion to parts-per-million 
range and using a few micrograms of radium as the emitter, 
many different gases and hydrocarbons can be measured, 
following sensitisation by pyrolysis or a simple chemical 
reaction. 


General 

In opposition to the numerous computer-controllers ex- 
hibited was the “K Logger” annunciator made by Keinath 
Instruments, of Columbus, 12, Ohio. This device con- 
tinuously charts up to 400 variables on 100 separate frames 
in four colours (against a common time axis) on a single 
large sheet of paper mounted on a board, which also carries 
alarm lights and signals. It is claimed that not only is 
human control optimised to the highest degree by this 
recorder-annunciator, but the cost per recorded point is 
lower than that of any other logging system. 

For the small plant or laboratory, Assembly Products 
Inc., of Chesterland, Ohio, offered their $98.00 Pak-A-Tool 
do-it-yourself automatic control kit. Another low-cost trend 
observed was the revived interest in temperature-sensitive 
paints and crayons offered by such firms as Tempil and 
Curtiss-Wright and which can be used for temperatures 
between 104°F and 2460°F. 

These contrasted oddly with the latest radiation-type 
thermometers exhibited by Radiation Electronics Inc., of 
Chicago, 48, Illinois, and Toshiba, of Tokyo, Japan. For 
example, the R.E. Model TD1 has a temperature range of 
100°F to 8000°F, a time constant of 2 milliseconds and a 
focusing range between 4 ft and infinity, yet is sufficiently 
rugged for plant use. 

Not every budget, however, permits the use of such 
elegant equipment, and no doubt many process men perform 
miracles solely with the aid of a sagger or a “Tempilstick” 
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SPECIALISED 
FABRICATION 


Zin. mild steel plate valve casing, weighing 4 tons; 
in two pieces, a cylinder and a cone; 

dia. 9ft. Zins. tapering to 6ft. Zins. by lOft 44ins. 
long. 


One of three stainless steel road tanks, for 
transporting phosphoric acid; each tank has three 
compartments and is jacketted with aluminium. 


These two examples are typical of the large range of fabricated productions produced 
by Widnes Foundry and Engineering Co. Ltd., who offer a comprehensive 
service to industry, both in fabrication and foundry work. 


WIDNES ‘ounory & ENGINEERING co. LTD. 


ESTABLISHED 184! 
APPROVED BY LLOYDS FOR CLASS || WELDING FOR PRESSURE VESSELS 


LUGSDALE ROAD, WIDNES, LANCS. . PHONE: 2251/4 and 2889 . GRAMS: “FOUNDRY, WIDNES” 
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COMPRESSIBILITY FACTORS FOR PROPANE 


by D. S. DAVIS 
(Head, Department of Paper and Pulp Technology, University of Alabama) 


The accompanying line coordinate chart, based on recent reliable data* and constructed by 
means of methods described previously,' enables convenient and accurate determination of the 
compressibility factors for propane. 

The broken line shows that the compressibility factor for propane is 0.9750 when the pressure 
is 1100 mm of mercury and the temperature is 20°C. 


/ 





REFERENCES 


‘Davis, D. S. ““Nomography and Empirical Equations’, Chapter 10 Reinhold Publishing Corporation, New 


York, 1955 
* Dawson, P. P., Jr. and McKetta, J. J. Pet. Ref., 1960, 39 (4), 151 
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CHEMICO BUILDS NITRIC 
ACID PLANT IN SIX MONTHS 












AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER JANUARY 


It took just six months for Chemico to successfully complete a 
120 ton per day nitric acid plant in Lawrence, Kansas. Until 
the client gave his final “go-ahead,” not an hour of drafting or 
engineering had been done on the project —not a single piece of 
equipment had been placed on order. Yet, six months from that 
date, the plant finished its acceptance test run, producing at 
above rated capacity. 


With 34 nitric acid plants in operation all over the world, and 
three more in the design stages at this very time, Chemico main- 
tains its position of leadership in this field. In building plants 
to produce Ammonia, Urea, Nitric Acid, Acetylene, Methanol, 
Hydrogen, Sulfuric Acid and other chemical and petrochemical 
products, Chemico is setting new standards for the entire engi- 
neering industry. 


This six month performance for a nitric acid plant follows 
closely the recent successful completion of an ammonia plant in 
ten months. It is not just the time factor alone which sets 
Chemico plants apart, however. Chemico clients know that they 
are buying efficient, economical, proven processes which assure 
ease of start-up and simple, safe operation. If you are consider- 
ing building a new plant or enlarging present process facilities, 
let Chemico help you get the most for the capital you invest. 
Write for the General Bulletin which describes the wide range 
of Chemico’s activities. 


CHEMICAL CONSTRUCTION (G.B.) LIMITED 

9 Henrietta Place, LONDON W.1 

A subsidiary of Chemical Construction 

Corporation, New York, N.Y. U.S.A. 

NEW YORK * CHICAGO * DALLAS * HOUSTON * PORTLAND, ORE * TORONTO * PARIS * JOHANNESBURG * TOKYO 
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RECENT CHEMICAL ENGINEERING THESES 
FOR HIGHER DEGREES* 


Forced Convection Mass Transfer in 
Solid-liquid and Liquid-liquid Systems 
by W. M. Topp (Ph.D., 


University) 


Manchester 


Experimental data are presented for 
mass transfer experiments with solid- 
liquid and liquid-liquid systems. The 
apparatus used was a completely enclosed 
cylindrical cell of internal diameter 4 in.. 
with the interface between two immis- 
cible liquids restricted to a narrow 
annulus between circular baffles. Each 
phase, which was about 300 ml in volume, 
could be independently agitated by flat- 
paddle type stirrers over a wide range of 
stirring speeds without disruption of the 
interface. 

In addition, solid dissolution studies 
have been carried out in two “half” cells, 
in which the dissolving solid replaced one 
of the liquid phases. Dissolution rates for 


one system, benzoic acid-water, were 
measured for a range of stirring speeds 
and from a comparison with previous 


similar work by JOHNSON and Huanc the 
general correlation for both “half” cells 
was presented as: 

Sh = 0.043 (Re)’™ (Sc)® ....(1) 

Studies with three pairs of partially 
miscible liquids, in which one phase was 
always unstirred, showed that experi- 
mental film coefficients were of the order 
of twice as high as values predicted for 
the liquid-liquid case using Equation (1), 
and the ratio of observed to calculated 
coefficients was found to increase with 
Reynolds number. 

The effect of a stationary gauze in the 
unstirred phase, very close to but not 
touching the interface, was observed 
visually to reduce interfacial turbulence 
due to stirring, but no decrease in transfer 
coefficients was found. The effect of pre- 
saturating the unstirred phase was also 
invéstigated; again no difference between 
the results of otherwise identical tests 
was observed. 

An attempt to improve the existing 
empirical correlations for the prediction 
of individual coefficients was not success- 
ful as the dependence of coefficients on 
liquid properties and stirring rates was 
found to be more complicated than was 
at first thought. 

Conflicting views have been expressed 
in the literature as to the importance 
of solute diffusivity in this type of stirred 
cell apparatus. In the present work ex- 
periments on the transfer of three solutes 
between two solvents under constant stir- 
ring conditions are described. 





* Valuable information may be lying fallow in 
many cases in theses presented for higher degrees 
in universities and not published in journals 
British Chemical Engineering is therefore arrang- 
ing to publish a number of synopses of such 
theses for the information of our readers, as an 
occasional feature 
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Overall coefficients calculated by the 
equation 
gin an ao le -...(2) 
Kew kw Hiks 
where the individual coefficients ky and 
ks were determined experimentally, are 
compared with experimental values. 

The results of the present work, to- 
gether with a detailed examination of 
the experimental data of GorDON and 
SHERWOOD, leave the question of solute 
diffusivity unresolved, 

The effect of solute concentration on 
transfer rates has been examined for two 
systems which, according to the literature, 
show appreciable interfacial turbulence. 

The system studies were acetone trans- 
ferring between carbon tetrachloride and 
water and between toluene and water. 
Two initial concentration levels were used, 
2 and 7 gm/100 ml, and the stirring con- 
ditions were such that results were com- 
pared to similar experiments of Lewis. 
who worked with concentrations of 
approximately 4 gm/100 ml. 

Increase of coefficients with concen- 
tration was found in three of the four 
directions of transfer, one equivalent case 
agreeing with the findings of CoNNoLty' 
using natural convection processes. How- 
ever, in the case of acetone transfer from 
water to toluene, increase of coefficients 
as observed by this author was not found. 
REFERENCE 


CONNOLLY, Ph.D. Thesis, May 


1958 


The Separation of Mineral Oils by 
Chromatography 


by M. J. Rav 
University) 


(Ph.D., Manchester 


The work presented in this thesis forms 
part of a research project into the con- 
stitution and carcinogenic activity of 
mineral oils. The oil fractions being 
studied are in the boiling range 350- 
410°C at atmospheric pressure. 

The preliminary preparation of oil frac- 
tions by distillation and solvent extraction 
is reviewed, and reasons given for the use 
of further methods of fractionation. 

The aim of the work reported was to 
separate narrow boiling range, aromatic 
extract oils into chemically homogeneous 
fractions. Liquid - solid adsorption 
chromatography was the method selected. 

Small-scale experiments using silica gel 
and alumina as the adsorbent, with iso- 
octane as eluent, and benzene followed 
by methanol as displacers, were carried 
out to obtain a separation of the oils 
into paraffinic plus naphthenic, aromatic 
and residual hydrocarbon fractions. The 
data collected from the small column 
operations was used to design a semi- 
pilot plant scale column, constructed of 
glass, with brass ancillary equipment. 


After erection and testing, the column 
was used for the fractionation of the oils 
to produce fractions in the quantities 
required for biological and chemical 
testing. 

As a result of the biological testing. 
further fractionation of the aromatic 
hydrocarbon portion was required. This 
was attempted on a small scale using 
adsorption chromatography with alumina 
as the adsorbent, iso-octanes as eluent, 
and benzene followed by methanol as dis- 
placers. Separation of the oil was possible 
using this method, and the procedure was 
repeated with the semi-pilot plant column. 

Comparison of the separations obtained 
with the small-scale and semi-pilot plant 
scale units exposed insufficiencies of the 
latter with respect to its efficiency for the 
quantities of oil it was desired to separate. 
To improve the fractionation of the oils, 
the design of a chromatographic column, 
constructed of stainless steel, with a higher 
length /diameter ratio was considered. 

In order to put forward the full speci- 
fications for such a column, certain prob- 
lems affecting the design required investi- 
gation. The effect of adsorbed water on 
the activity of an adsorbent, and possible 
drying and regeneration were two prob- 
lems which were studied, as they would 
reveal the necessity of providing the 
column with heating-jackets in order that 
the adsorbents could be conditioned 
before use. 

The first problem was studied with the 
aid of model binary mixtures, and the 
latter by treatment of the adsorbents with 
methanol, followed by activation with 
a stream of hot nitrogen. 


Coking Mechanism of Bituminous Coals 


by C. P. Chamberlain (Ph.D., Manchester 
University) 


A number of coals of known bitu- 
minous character were studied for the 
yields of adsorbed oil through the plastic 
temperature range and compared with 
results from non-bituminous coals. Under 
the same conditions of heating, plasticity, 
swelling, and volatile matter determina- 
tions were carried out in the same coals 
in order to compare the results with 
those of the oil adsorbed. From the results 
obtained it was found possible to advance 
a hypothesis for coal-coke change based 
broadly on the available plasticity 
theories. 

There was, however, evidence which 
supported a later idea put on a quantita- 
tive basis by CHERMIN and VAN KREVELEN! 
which suggests that the coal changed to 
coke through an unstable liquid phase 
which “recondensed” after formation. 


REFERENCE 
* CHERMIN and VAN KREVELEN, Fuel, 1957, 36, 
85-103. 
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Performance of Polygrid in Counterfio Cooling Tower 


Polygrid—a new high-effici- 





ency non-corrosive plastic 
packing has been perfor- 
mance-proved in more than 
100 cooling tower installa- 
tions. It is used exclusively 
in Head Wrightson Fluor 
Counterflo towers. Head 
Wrightson Processes Ltd. 
will also install it in estab- 
lished mechanical or natural 
draught towers of all types 
and makes to increase their 
efficiency and performance. 


THE INDUSTRIAL 
COOLING ENGINEERS 








January, 196] 

















Polygrid is a moulded unit of 
two inch squares. Units, 
staggered in layers, break 
hot water into droplets as it 
cascades through the tower. 
Available in high impact 
polystyrene for resistance to 
water, acids, salts and 
alkalis, and in high density 
polyethylene for cooling 
water contaminated by 
hydrocarbons. 


HEAD WRIGHTSON PROCESSES LTD 


London and Sales Office: 20/24 OLD STREET LONDON ECI 


Head Office: The Friarage > Yarm * Yorks 


OFFICES AT: P.O. BOX 1595 SYDNEY * P.O. BOX 1034 JOHANNESBURG * P.O. BOX 2608 CALCUTTA 
P.O. BOX 706 HAMBURG Associates in the U.S.A., Fluor Products Co., Los Angeles, New York, Chicago, Tulsa, etc. 
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CD-48 Glassed-steel Dryer-blender 

The Pfaudler “CD 48” dryer-blender 
was exhibited by Enamelled Metal Pro- 
ducts Corp. (1933) Ltd. at the Olympia 
Corrosion Exhibition, 1960. Highly corro- 
sive materials can be dried and blended in 
this unit to produce a homogeneous pro- 
duct with great saving in operating time 
ind costs. The inner tank is lined with 
acid/alkali-resisting glass and will with- 
stand full vacuum, or pressures up to 
20 psi. The mild-steel jacket will accom- 
modate pressures up to 40 psi with full 





inner tank. There is an 


in the 
electric motor and gear drive with variable 


vacuum 


speed available as an extra. The basic 
inside diameter is 4 ft; the total capacity 
is 32cuft with a working capacity of 
21 cuft; the heated area is 48 sqft and 
the drying speed 12.5 rpm. The Balfour 
Group of Companies, Artillery House, 
Artillery Row, S.W.1. 

BCE 8951 for further information 


New Corrosion-resistant Sprayed 
PVC Coating 

The availability in this country of a new 
corrosion-resistant sprayed PVC coating 
which has an unrivalled range of applica- 
tion is announced by BTR Industries Ltd 
as an addition to their “Synco” range of 
corrosion-resistant materials. 

An outstanding feature of this PVC 
coating is its wide potential application 
in the chemical industry—its resistant 
properties range from alkalis to oxidising 
acids, from fatty acids and their esters to 
petroleum hydrocarbons and alcohols. 

This PVC coating, which can be applied 
either in BTR’s factories or on site, is 
diffusion proof and can be employed 
under high mechanical stresses at operat- 
ing temperatures up to 70°C (158°F). 
Added advantages are its abrasion resis- 
tance and impermeability. BTR Industries 
Ltd., Herga House, Vincent Square, Lon- 
don, S.W.1. 

BCE 8952 for further information 


New Silicone Products from 1.C.1. 

General-purpose, high-strength, fully- 
compounded stocks, with superior 
mechanical properties to earlier general- 
purpose stocks, are offered in the E 313 
class of I.C.I. silicone rubbers. There are 
four members of the E 313 class—S50 B.S., 
60 B.S., 70 B.S. and 80 B.S. rubbers 
designated by the appropriate numerical 
suffix. 

The new solvent-based silicone product 
M 492, intended for water-repellency treat- 
ment of both textiles and leather, is par- 
ticularly recommended for heavy fabrics. 
Besides imparting a high degree of water- 
repellency, M 492 has the significant 
advantage of being air drying, thus 
eliminating the high-temperature backing 
process that is usually necessary with 
silicone treatments. M 492 is easily 
applied by brushing, dipping or spraying 
and it is well suited for the treatment of 
canvas, awnings, tarpaulins and leather. 

Three development products are also 
made available. The first, DP 115, is a 
silicone resin with great promise as ad- 
hesive and binding material. Supplied as 
a high solids content solution in acetone, 
the product, when applied, rapidly dries 
in air to give a tack-free film that cures 
on heating to give a rigid bond that is 
heat-stable and moisture-resistant. 

Recommended applications include its 
use as an adhesive for bonding silicone 
resin/glass cloth laminates to each other 
and to metal; as a moisture-proof coating 
for resistors and glass or asbestos served 
wire. 

A second development product, DP 163, 
is a silicone resin for semi-permanent 
release coatings on metal surfaces. This 
resin, dissolved in an aromatic solvent, 
can be applied by spraying, brushing or 
dipping. After curing at 200°C it gives a 
hard, smooth coating with admirable 
release qualities and long life, even at 
temperatures of 200-250°C. 

The third product, DP 137, formulated 
for the manufacture of expanded micro- 
cellular rubber, is neutral in colour but 
may be pigmented as desired. It can be 
used at temperatures from —80°C to 
plus 250°C. LC.I. Ltd., nearest sales 
office, or Imperial Chemical House, Mill- 
bank, London, S.W.1. 

BCE 8953 for further information 


Automatic Weight Control 

This entirely new type of electronic 
weighing equipment is for use in almost 
any industry in which requirements call 
for the weighing and control of plants 
handling food, animal feedingstuffs, 
rubber, cement, chemicals, glass and many 
other products. 

The type LC4 and LCS trip point con- 
trollers give reliable control under the 
most arduous conditions. The load cells 
can be safely used in very wet conditions 





or even submerged, and flameproof equip- 
ment can be supplied as standard. 

No mechanical accessories whatsoever 
are used in these indicators and in this 
way any failure of the moving coil type 
instrument does not and cannot cause 
control failure. 

These equipments are intended to pro- 
vide a control function when a pre-set 
weight is reached. Industrial loads of any 
size in the range 20 Ib up to 2000 tons may 
be dealt with, and it is of interest primarily 
in handling bulk materials or containers. 

For example, they may be used to con- 
trol the filling and emptying processes of 
hoppers and tanks by weight; for auto- 
matic enforcement of safe loading limits 
with cranes and hoists; for automatic pre- 
vention of over-stressing in chuck tighten- 
ing-down operations: for tension control 
in paper, textile and rope handling pro- 
cesses; for control of blending processes 
by weight in the chemical and food 
industries; and numerous other control 
operations. Elcontrol Ltd., Wilbury Way, 
Hitchen, Herts. 

BCE 8954 for further information 


Holmes-Connersville Positive Air 
Blowers 

Recent modifications to the range of 
type RBS Holmes-Connersville positive 
air blowers have resulted in a number of 
operating advantages, including improved 
performance. 

The impellers and shafts are now of 
fabricated construction in steel, making it 
possible to use much larger shafts and 








British Chemical Engineering 





BE SURE 
TO 
COMPLETE 


* 


BE SURE 
TO 
COMPLETE 


* 





.o cost or 
obligation. 
Use these 
cards to obtain 


full details 


of products 


mentioned in 


this issue. 








It’s A FACT. Sharples have for many years 
realised that there was more in centrifuging than 
just building a complete range of centrifuges. 
Their policy has always been to look much 
further than the centrifuging step, and to study 
the process as a whole. Application of their 
chemical engineering knowledge means that not 
only will the separational step be right, but it will 
be a unit operation that is correctly integrated 
with the process. 

If you have a process which you are now 
flowsheeting; or a pilot plant development; or if 
you are actually in production; why not have a 
word with Sharples. 

First and foremost in applying basic 
chemical engineering to separation in all 
its aspects. 
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BCE 8907 for further information 
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bearings which increase the allowable 
pressure loading on each size of machine. 
The maximum pressure for some sizes has 
been increased from 10-15 psi. 


Another important advantage is that 
these blowers are constructed with air 
gaps which completely isolate the bearing 
housings and gears from the casing. This 
ensures that under no circumstances, even 
in the event of an oil-seal failure, is it 
possible for air passing through the 
blower to become contaminated with oil 
or oil vapours. 


When handling gases other than air, 
type RBS blowers can be fitted with 
mechanical shaft seals which are consider- 
ably more efficient than the stuffing box 
and gland previously used. The mechani- 
cal shaft seal is much more compact and 
it requires little or no attention. W. C. 
Holmes & Co. Ltd., Turnbridge, Hudders- 
field. 

BCE 8955 for further information 


Diaphragm Valves 

On show at the recent Corrosion and 
Metal Finishing Exhibition at Olympia, 
London, were some of the latest designs 
of remote-controlled valves manufactured 
by the Saunders Valve Co. Ltd. 

New developments include a_rubber- 
lined non-return valve and a solid PTFE 
valve. These are of particular interest for 
metal plating plants. 
































A wide range of lined valves—using 
rubbers such as neoprene and ebonite, 
metals such as lead or titanium, and plas- 
tics such as nylon or polythene—are now 
available. The range of diaphragms is so 
comprehensive that virtually all fluids can 
now be controlled. Saunders Valve Co. 
Ltd., Cwmbran, Monmouthshire. 

BCE 8956 for further information 
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Internal Gear Rotary Pumps 
A new versatile range of robust, self- 
priming, internal gear rotary pumps for 
delivering a steady non-pulsating flow are 
now available. There are models to handle 
capacities of from 3-250 gal/min at pres- 
sures up to 100 psi. 





The flow of liquid on the delivery side 
is smooth and without pulsation and the 
rate of flow is virtually proportional to 
pump speed, irrespective of pressure. They 
have the ability to pull a high vacuum on 
the suction side which is an important 
feature of the pump, as its self-priming 
ability enables liquids rapidly to be lifted 
from below pump level. A wide range of 
industrial liquids can be handled and the 
pumps can be supplied in all-iron, iron 
and bronze or all-bronze. They can, if 
required, be supplied steam-jacketed for 
maintaining the temperature of pre-heated 
liquids. Wayne Tank & Pump Co. Ltd., 
Western Road, Bracknell, Berks. 

BCE 8957 for further information 


Variable Speed Motor Gears 

A range of variable speed motor gears 
made by Crofts (Engineers) Ltd. is avail- 
able with speed ratios of from 10:1 to 
2:1 and will provide up to 20 hp. 

There are two basic types in the range: 
the Universal, which is made in five ver- 
sions known by the initials U, UR, UFM, 
UW and URW, and the Vertical, which 
is sold in two versions, the V and V1. 

With both models, the variable speed 
drive assembly is supported on integral 
feet. With all the Universal models, the 
position of the variable speed drive can 
be arranged in a wide variety of positions 
in relation to the reduction gear to suit 
the layout of the plant. With types UW 
and URW the output shaft may be fitted 
in a vertical position, either up or down, 
and UFM can be fitted with this shaft in 
a downward position. 

The variable speed drive assembly is 
combined with either a “Ritespeed” spur 
gear or a “Par-o-mount” worm gear. 

The motors are of the squirrel cage 
induction type and are totally enclosed. A 
minimum of vibration occurs, as a special 
shaft extension is fitted to provide rigid 
support for the driving cones. 

The variable speed drive consists of 
driving cones keyed to the motor shaft. A 
speed control mechanism, operated by a 
handwheel, actuates the sliding cone; it is 
contained in a semi-steel housing which is 
flanged to the casing containing the driving 
and driven cones and belt. The driven 


cones are spring loaded and keyed to the 
variable speed shaft. 

The motor is air cooled, air being taken 
in by fins cast integral with the cones 
through an air inlet in the belt housing 
enclosing the spring. 

A speed control mechanism gives posi- 
tive movement of the drive cones, while 
the spring-loaded driven cones auto- 
matically adjust belt tension, thus ensuring 
immediate speed changes. 

The speed control handwheel has a 
large dial calibrated in either 12 or 
24 divisions. A red pointer makes a com- 
plete revolution of the dial as the black 
pointer moves across one division. An 
electronic tachometer can be fitted if 
extreme accuracy is required and dials 
giving calibrations in rpm or fpm can 
also be supplied. 

The “Par-o-mount” worm gear has a 
casing of one-piece construction with feet 
cast integrally. It has a large surface to 
provide maximum heat dissipation. An oil 
filler breather and level plugs are fitted. 

In applications where the load might 
run back when the power supply is cut off, 
a high speed roller backstop can be fitted 
to the wormshaft on gears 3 to 5-in. 
centres. This backstop can be fitted to 
suit either direction of rotation. 

The gears of the “Ritespeed” reduction 
gear are precision generated, and to reduce 
power losses to a minimum special care 
is taken to ensure correct tooth form and 
a smooth surface finish. Dual-purpose 
bearings are fitted for vertical shaft 
arrangements or where thrust loads occur. 

For applications involving high inertia 
starting, the variable-speed motor gears 
can be used in combination with Crofts 
centrifugal multi-disc clutch. The clutch 
enables the motor to accelerate up 75-80% 
of full speed before taking up the load, 
thus resulting in a very smooth accelera- 
tion of the load. 

For conveyors and similar applications 
where frequent starting and stopping is 
necessary, the Crofts electrically released 
magnetic brake can be incorporated in 
the motor gear. 

It applies a braking torque to the 
variable speed shaft; when the motor is 
stopped the brake inertia is overcome 
directly through the shaft. 

The brake is of the friction disc type 
and has dry plates. Braking torque is 
applied by means of springs, fitted in the 
coil housing, acting through a pressure 
plate. The brake is released when the 
power supply is switched on. Six sizes of 
brake are available. Crofts (Engineers) 
Ltd., Bradford, 3. 

BCE 8958 for further information 


Joy-Hazemag Crusher 

The Joy-Hazemag crusher, originating 
from Germany, is manufactured in four 
series, each of which comprises a number 
of models of different capacities: (a) 
heavy-duty series for hard rocks, slags 
and aggregates; (b) standard duty series 
for primary and secondary crushing of 
limestones, friables, coal, salt, etc.; (c) 
medium duty series for secondary and ter- 
tiary crushing of limestone, coal, etc.; 
(d) fast runners for fine crushing and 
fibrising. The above series covers a range 
of capacities up to 500 tons hr. 
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Throughout industry the effective control of 

dust is essential, whether the problem is to 

remove a nuisance or reclaim a valuable 
product— or both. 


Ambuco specialise in industrial dust control 

and recovery, particularly in connection with 

metals, chemicals, cement, petroleum, 
fertilizers, mining, power plants etc. 


Our engineers and laboratories 
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The crusher gives a positive degree of 
selective crushing. When a mixed material 
having elements of different impact 
strength is fed to the Hazemag, the 
material of low strength is subject to finer 
crushing than that of high strength. Two 


easily separated products are thus 
obtained, the finer being rich in the low- 
impact-strength material, and the coarser 
rich in the high-impact-strength. 

It can be varied to produce a particu- 
larly fine—-or coarse — product, as 
required. In certain cases reduction ratios 
of more than 100:1 are possible. Ratios 
of 40:1 are normal. 

As the Hazemag is relatively small and 
requires only light foundations, installa- 
tion cost is low. Maintenance costs due to 
wear are also low because of the relatively 
low rotor speeds used. By reason of its 
gravity-hung impact plates, the Hazemag 
is immune to damage caused by the 
accidental entry of foreign materials. Joy- 
Sullivan Ltd., Greenock, Scotland. 

BCE 8959 for further information 


Novel High-pressure Valves 

The phenomenal sealing properties of 
standard “O” rings have been applied to 
rotary valve sealings, making the Orseal 
range of high-pressure valves suitable for 
use under vacuum, or at pressures up to 
at least 3500 psi. 

Manufactured from forged steel, they 
are suitable as shut-off or flow control 
valves in high-pressure air, oil and water 
circuits, and in telemotor systems. 

The range at present available is as 
follows: up to 14 in. normal size in forged 
steel for working pressures of 3500 psi; 
up to 2-in. bore in gunmetal for pressures 
of 500 psi; and from 3-8 in. bore in cast 
iron for working pressures of 250 psi. 

The advantages claimed for this valve 
are bubble tight under vacuum and 
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pressure; smooth full-bore passage; no 
lubrication except in special cases; simple 
construction due to the use of a cylindri- 
cal plug; and negligible maintenance (four 
new “O” rings can be fitted in one minute 
without removing the valve from the 
line). Peckett & Sons Ltd., Atlas Works, 
St. George, Bristol, 5. 

BCE 8960for further information 


Stainless-steel Chemical Pumps 

The demand for stainless steel by en- 
gineers in the chemical, process and food 
industries has led to the development of 
a range of Tangye-Smart stainless-steel 
“C”-type chemical pumps. The range 
gives a high degree of interchangeability 
and flexibility. The pumps have capacities 
of from 2-350 Imp. gal/min and develop 
heads of from 10-210 ft. To provide this 
wide range of duties, only one bearing 
bracket was necessary and this accom- 
modates five different hydraulic sections 
(illustrated). The standard material for 
the casing, the impeller, and the shaft and 
gland is BS 1632 stainless steel of the 
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well-known 18/8/3 chrome nickel molyb- 
denum because of its well-known resist- 
ance to corrosion. The satisfactory seal- 
ing of the pump is essential on chemical 
applications, and so a deep stuffing box 
has been designed to accommodate 
either soft packing or a mechanical seal 
without modification in either case. 
Double mechanical seals can be fitted 
when required. The standard “C-type 
chemical pump will handle liquids satis- 
factorily at temperatures up to 230°F. 
Tangyes Ltd., Cornwall Works, Smeth- 
wick, Birmingham. 

BCE 8961 for further information 


Resiliently-mounted Vibratory Screen 

This is a light screen for use in the 
ceramics industry, but should find many 
applications in the quarrying, mining, gas 
and, when made from stainless steel, in 
the chemical industry. Many new design 
features are incorporated, including the 
mounting of the entire screen body in 
bonded rubber bushes. All sizes up to 
10 ft X 4ft are available with a maximum 
power requirement of 3 hp. The amplitude 
of vibration is variable and, where re- 
quired, models can be supplied arranged 
for double-deck screening and also for 
mobility. 





The screen is readily adapted for deck 
heating which prevents the moisture con- 
tent of fine materials from causing bind- 
ing. It effectively handles fine clay with a 
10% moisture content. Saxon Engineer- 
ing Co. Ltd., Fenton, Stoke-on-Trent. 

BCE 8962 for further information 


Electronic Check-weighing Systems for 
Mass-production Lines 
An electronic high-speed check-weigher 
is used in mass-production lines of manu- 
facturers whose goods are sold by weight 
in cans, packets, bottles or other con- 
tainers. A typical installation is capable 
of check-weighing cans at speeds up to 
a maximum of 200 a minute. The weigh- 
ing system, which has passed Board of 
Trade tests for automatic check-weighing 
machines, can maintain an accuracy of 
+4% of the set level. The standard 
machine handles cans up to 3 in. diameter 
and 18 oz. weight. It takes up very little 
floor space: 36 in. X 28 in. for the 
machine itself, with 22 in. X 12 in. for the 
electronic control unit. The conveyor 
level is adjustable over a height of 34- 
38 in. from ground level. Cans are 
delivered to the machine on a PVC 
cotton-faced belt via a starwheel infeed. 
The machine operates without an at- 
tendant. A drive cut-out device is incor- 
porated, together with visible and audible 
alarms, in case a jam should occur as a 
result of distorted or bent cans. Elliott- 
Automation Ltd., 34 Portland Place, 
London, W.1. 
BCE 8963 for further information 


Diaphragm-type Liquid Feeder 

The Tolu feeder now available in 
England for the first time is widely used 
for feeding under pressure liquids of 
various kinds. The feeder is available in 
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BCE 8909 for further information 
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When did you last see a Dutch interior? Never mind! The point is that 
there’s an art to protecting the interiors of tanks. And Ensecote 
has it. Any size of tank. Any sort of liquid practically. Ensecote pro- 


tective linings are easily cleaned and sterilized; completely odour- 
less, tasteless, and economical to install (larger vessels can be lined 
on the spot). Ensecote protective linings add years to a tank’s life. 


ENSECOTE Lithcote PLASTIC LININGS 


For literature and technical advice on linings, 
and on tank fabrication, writeto: NEWTON CHAMBERS & CO. LTD., THORNCLIFFE, SHEFFIELD, ENGLAND 


Agents in Belgium, France and Holland: FOURS LECOC@G ET ATELIERS DE TRAZEGNIES REUNIS, S.A., TRAZEGNIES, BELGIUM 
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single or double units, the capacity of each 
unit being from 4-7 gal/hr. The flow can 
be varied within close limits while the 
pump is running and each unit is entirely 
independent. Plexiglass housings and 
stainless-steel parts are standard, but other 
materials are available for special applica- 
tions. Maximum working pressure is 
70 psi. Neldco Processes Ltd., Crossway 
House, Bracknell, Berks. 

BCE 8964 for further information 


Russell Lifting and Tipping Machine 
This unit has been developed to meet 
the need for more rapid handling of all 
types of materials by eliminating the man- 
handling of them. It is a simple and 
reliable machine for lifting and emptying 
all types of containers weighing up to 
10 cwt. The containers can be tipped so 
as to empty the contents into a hopper, 
truck, mixer or other receptacle. This 
machine, known as the “Hi-Tip”, has a 
minimum height of lift of 4ft 6in. An 
interesting feature is the fact that vertical 
sections can be added to increase this 
dimension to any height desired. 

It is fabricated of 4-in. mild steel of 
all-welded construction and consists of a 
base, a top unit and centre sections. The 
base, which for the standard machine 
occupies an area of only 3 ft xX 4ft 6in., 
houses the electrical equipment, control 
mechanism, main drive and chain com- 
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pensating device, all the mechanical parts 
being adequately protected. 

The top unit contains the actuating cam 
guides for the tipping action, and the 
centre sections, which can be added or 
removed to alter the height of lift, include 
the appropriate lengths of guide rails. The 
machine is powered by an electric motor 
with a self-contained braking unit. 

The start and return operations are 
actuated manually, but automatic 
sequence control can be provided if re- 
quired, the emptying time being controlled 
by a variable time switch. The speed of 
lift is 30 ft/min and the standard tipping 
angle is 30° from the vertical. The cradle 
can be adapted to take any particular type 
of containers such as drums, barrels, 
kegs, skips, trolleys, vats, bowls, sacks, 
etc., the chute being shaped to suit the 
material being handled. 

It is suitable for continuous 24-hr opera- 
tion. It requires virtually no maintenance 
and is foolproof in use. It can be pro- 
vided in a portable form if required. 
Russell Constructions Ltd., Russell House, 
Adam Street, London, W.C.2. 

BCE 8965 for further information 


Safety Solvent for Industrial Cleaning 

A _ recently-announced cold cleaning 
solvent known as Chlorothene NU may 
be used in wipe, dip. spray and slush 
cleaning operations. It is roughly 30% 
dearer than carbon tetrachloride, but has 
low toxicity, no flash point and is quick 
drying, properties which make it suitable 
for several industrial metal cleaning 
applications. 

The material is an improved inhibited 
grade of 1,1,1-trichloroethane (methyl 
chloroform), one of the least toxic chlori- 
nated solvents and is manufactured by 
The Dow Chemical Co. 

According to the H.M. Stationery Office 
booklet. “Toxic Substances in Factory 
Atmospheres”, the permissible concentra- 
tions of carbon tetrachloride is only 
25p.p.m., but that for 1,1,1-trichloro- 
ethane is 500p.p.m. British agents are 
Penetone-Paripan Ltd., Egham, Surrey. 

BCE 8966 for further information 


New Alloy Steel for Storage and hand- 
ling of Liquids at Very Low 
Temperatures 

It is known that many steels, although 
tough and strong at room temperatures, 
become excessively brittle when cooled to 
sub-zero temperatures. It is also known 
that the presence of nickel greatly 
improves the toughness of steels down to 
temperatures as low as —200°. 

The rapid increase in the use of lique- 
fied gases like oxygen, nitrogen and 
methane, involving service temperatures 
of the order of —200°C, has quickly 
focused attention upon the need for 
materials for handling them with safety 
and economy. 

The newly developed 9% nickel alloy 
steel has passed all the laboratory tests 


and a practical demonstration of its 
suitability by three companies in the 
U.S.A. 

Tonnage oxygen plants are being 
installed in increasing numbers near steel- 
works and other industrial plants and 
there is a promising market underlying the 
liquefaction and sale of some of the 
methane flared-off and wasted at oil and 
petroleum fields throughout the world. 
The volume of this gas when liquefied at 
—157°C is reduced by 600 times and 
transportation in special tankers for very 
long distances, for example, the U.S.A. to 
Europe, becomes an attractive proposi- 
tion. The economics of the liquid-gas 
rmaarket demand that the tankers must be 
built from a safe and relatively low-cost 
material which is commercially available 
and readily welded. The ability of 9% 
nickel steel to meet these requirements 
has now been demonstrated. The Mond 
Nickel Co. Ltd., Thames House, Mill- 
bank, London, S.W.1. 

BCE 8967 for further information 


All-plastic Needle Valve 

A new needle valve constructed from 
styrene-butadiene acrylonitrile blend is 
now available in the following sizes: 

din. o.d., gy in. id. 
fs in. o.d., 4 in. i.d. 
din. o.d., 4 in. i.d. 

It is being manufactured by Barflo Ltd. 
primarily for use with Wade couplings. It 
is recommended for use with fluids at 0- 
300 psi and gases at 0-100 psi. Each valve 
is designed with the “P-type joint in 
“All-Plastic’, with spigot support for the 





tubing and knurled coupling nuts for hand 
tightening. 

The feature of its design is its finger-tip 
control, no undue pressure being required 
to obtain a firm seating. Wade Couplings 
Ltd., 270 High Road, Ilford, Essex. 

BCE 8968 for further information 


Combination Vacuum Source 

A number of advantages attend the use 
of combined water-ring vacuum pumps 
and water curtain condensers, such as the 
much reduced space requirement, low cost 
of erection and first cost. Further, the 
withdrawal of air and water by different 
pumps allows either to function with 
greater efficiency. 

Burckhardt, already well known as 
makers of reciprocating wet air pumps and 
barometric condensers, now offer a wide 
range of combination water-ring pump 
condenser units. These have either one or 
two stages for the mechanical pump 
capable of vacua up to 40 mm or 25 mm 
Hg abs respectively. The single-stage units 
at their lowest attainable absolute pressure 
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BCE 8910 for further information 


Strip-wound 
construction ? 





The modern technique of Strip-Winding 
in High Pressure Vessel manufacture 
provides important advantages to those 
engaged in the design and construction 
of specialised plants where large volumes 
are to be accommodated at high pres- 
sures. In the chemical, hydraulic, 
research, oil and petroleum fields there 
are many applications for which this 
method of construction has already 
proved eminently satisfactory. 


* Where corrosive liquids or gases are to be 
handled, only the core tube need be made from 
stainless steel or any other special material. 


*% For the larger sizes of cylinder, Strip-Wound 
Vessels are lighter than those manufactured by 
existing methods. 


k The quality of the final vessel wall is rigidly 
controlled at all stages of construction irrespec- 
tive of the number of layers involved because 
the small cross-sectional area of the strip makes 
for easy examination and proving of the material 
before winding on to the core. 
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(40 mm Hg abs) will, given cooling water 
at 15°C, condense 60-2020 kg/h of steam. 
Air displacement of the water-ring pumps 
varies from 55-700 m°/h, 

In the case of the two-stage units, the 
condensable quantity of steam ranges 
from 54-755 kg/h and the air quantity at 
25 mm Hg abs varies from approximately 
89-650 m*/h. Cooling water requirements 
in the case of the single-stage units are 
2.5-82 m*/h, while for the two-stage units, 
at the vacua stated, the figures are 4.5- 
62 m*/h. 

Other components of the unit include a 
centrifugal pump for discharging con- 
densed and cooling water, an automatic 
valve for controlling the level in the con- 
denser discharge tube and an inspection 
window on the curtain condenser to allow 
its operation to be inspected. 

If required, all the parts can be sup- 
plied in special materials including 
18/8/2.5 Mo stainless steel. The Burck- 
hardt Engineering Works, Basle. 

BCE 8969 for further information 


Bench-scale Drier 

A new bench-scale rotary drier is de- 
signed to provide a rapid and inexpensive 
means of determining the effect of drying 
variables on the quality of various pro- 
ducts. Its design permits the investiga- 
tion of parallel or counterflow continuous 
drying processes, and it is easily converted 





to a louvre-type unit, thus making it 
possible to evaluate rotary driers on a 
bench scale. 

Standard units consist of chain-driven 
tube drier, pressure blower, electric air 
heater and cyclone dust collector. A 
manually operated feeder, various types 
of internal conveying flights and a dis- 
charge receiver are also included. Sight 
glasses allow visual observation of the 
drying process. 

The drier consists of a stainless-steel 
cylinder, 24 in. long and 4 in. o.d., rotated 
by a gear-head motor and chain-and- 
sprocket drive: readily interchangeable 
sprockets provide two-speed adjustment. 
The cylinder is covered with lin. of 
insulation and its slope can be changed 
to permit adjustment of retention time. 
Eight conveying flights are supplied, and 
as many of these as desired can be used 
to provide various lifting and air-flow 
patterns within the tube. 

A pressure blower provides circulation 
of the air, which is heated by elements in 
the duct downstream of the blower, its 
temperature being controlled by a bimetal 
type thermo-regulator and its flow by the 
orifice plates at blower inlet. Since the 
blower-heater section and the dust collec- 
tion system are interchangeable, the drier 
can be arranged for either parallel or 
countercurrent flow. 

Feed to the drier is by a manually con- 
trolled butterfly feeder, with motor drive 
if desired. Dried product is collected in a 
glass jar attached to the solids discharge 
port. 

To ensure complete material balance 
as well as an accurate determination of 
dusting, an efficient cyclone dust collec- 
tion system is included. 

To give an idea of its performance, the 
following figures may be quoted for alum: 
at a feed rate of 4 lb/hr a product contain- 
ing initially 20% moisture, wet basis, is 
dried to 0.82% wet basis, the air tempera- 
ture being 319°F and the drier rpm 15. 
The Bench Scale Equipment Co. Inc., 
Westfield, New Jersey. 

BCE 8970 for further information 


Spray Drier 

The special features of a recent con- 
tinental spray drier construction include 
a settling box to which the spray-dried 
product is conveyed; the capacity of which 
can be controlled during operation. This 
allows the powder to be discharged con- 
tinuously in a smaller range of particle 
sizes than is actually produced by the 
spraying unit. The separated particles are 
conveyed in the waste air to a group of 
cyclones, from where they are returned 
pneumatically to the drier. The collecting 
reservoir in the drier is so designed that 
the returned powder is easily absorbed by 
the sprayed wet product (see diagram). 

For the counter-flow drying of deter- 
gents a modified design of spray drier is 
now being produced with direct discharge 
of the product at the drying tower. 
whereby a ring-channel construction for 





conveying the hot air to the drying tower 
avoids damage of the drying product by 
heat. 
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(1) drying-air fan; (2) air heater; (3) dry- 
ing tower; (4) atomising nozzle; (5) large 
separator; (6) rotary discharge vaive; 
(7) screen and cooling channel; (8) centri- 
fugal separator; (9) conveying air fan; 
(10) fine powder return; (11) extraction 
fan; (12) agitated container; (13) feed 
pump; (14) high-pressure pump. 

Industrie-Werke Karlsruhe Aktiengesell- 
schaft, Karlsruhe, W. Germany. 
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New Publications 


Electric Counting and Batching Equip- 
ment 
Two types of equipment are described 
in Data Sheet BC, Issue 1: a high-speed 
batch countertype, BCI, using Dekatron 
tubes in decade stages, and a simpler self- 
contained batch counting unit, type BC2, 
suitable for speeds of up to 600 counts 
per minute. The BC1 unit can be arranged 
to generate its own 100 c/s pulses, and can 
thus be used as a timer and as a time 
measurer, as well as a batch counter. 
The maximum counting rate is 500 counts 
per second, and the unit can either ener- 
gise or deenergise a relay when the 
preset batch number is reached. The 
BC2 unit operates for a maximum count 
of 9999; the number is illuminated, and 
is visible through a window in the unit’s 
cover. As counting proceeds, the counter 
displays a descending count, gives relay 
operation and resets to zero.—Elcontrol 
Ltd., Wilbury Way, Hitchin, Herts. 
BCE 8972 for further information 


Resins for Emulsion Polishes 
In a 12-page booklet details and speci- 
fications are given of three resins: SR-83 
(ammonia-soluble), SP-560  (terpene- 
phenol) and SP-561 (a blend of SP-560 
and oleic acid). Descriptions are included 
of the preparation of ammonia-cut resin 
dispersions, wax-resin dispersions and 
wax-based emulsion polishes. A two-page 
section deals with formulation variations. 
Schenectady-Midland Ltd., Oldbury, 
Birmingham. 
BCE 8973 for further information 
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... but each executed with the 
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high grade chemical engineering 
plant and which can always be 
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Air Cooling in New Refinery 


© tienes. F<. ite ties 


Esso’s new oil refinery at Milford 
Haven is the first in the U.K. to be 
entirely cooled by air—not only a more 
economic method of cooling, but it also 
greatly reduces the risk of water pollu- 
tion. 

Another feature is the absence of the 
normal high visible flare. Instead, a new 
design ground flare will dispose of excess 
refinery gases where combustion is both 
highly efficient and invisible. 

Construction of the refinery was started 
in July 1958 on a 350-acre site at the 
village of Herbrandston, about 2 miles 
west of Milford Haven town. It was com- 
pleted in October 1960. 

The refinery has been designed to pro- 
cess initially 44 million tons of crude oil 
per annum with a staff of 330. The cost 
of construction was approximately £18 
million. 





There are four principal refining units : 
the primary crude oil distillation and 
light-ends recovery unit, which physically 
separates the principal ingredients of the 
crude oil; the Powerformer, which con- 
verts low octane naphtha from the distilla- 
tion process into high octane motor 
spirit; the copper sweetening unit, which 
removes certain unwanted compounds 
from both petrol and jet fuel; and the 
Hydrofiner, which removes sulphur from 
gas and diesel oils. 

There are 69 process and storage tanks 
with a total capacity of 189 million gal- 
lons and varying in size up to 54 ft high 
and 150 ft diameter. 

All units are automatically controlled 
from one central control room. At a 
second control room the liquid level and 
temperature of every tank in the refinery 
are electronically recorded. 





Urea and Fertiliser Factory in South 
Korea 


Five West German firms are participat- 
ing in the building of a urea and fertiliser 
factory in Naju (south-western part of 
South Korea). The factory will use as 
raw material the locally mined anthracite, 
will have a capacity of about 85,000 tons 
of urea annually, and is to go into produc- 
tion in 1961. The German firms Lurgi 
Gesellschaft fuer Waermetechnik m.b.H.., 
Frankfurt, Linde Eismaschinen A.G.., 
Munich, Friedrich Unde G.m.b.H., Dort- 
mund (using the process of Inventa A.G.., 
Chur, Switzerland), M.A.N., Niirnberg, 
and Siemens-Schuckert A.G., Erlangen, 
have prepared the plans for this new fac- 
tory, are supplying plant and equipment, 
ind are supervising the building and con- 
struction work, which is being carried out 
by local contractors of the South Korean 
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Government. German technicians will 
also supervise the putting into operation 
of this plant. About 30 Korean engineers 
and chemists have spent half a year in 
the German factories which are partici- 
pating in this project. 


Petrochemical Industry on Swedish 
West Coast 

Sweden's first petrochemical industry 
plant will be located at Stenungsund, on 
the west coast, north of Gothenburg. 
Negotiations carried on for some time 
have led to an agreement between Svenska 
Esso AB, which is to build a steam crack- 
ing plant, the forest industry group Mo 
och Domsjo AB, and Stockholm Super- 
fosfat Fabriks AB, Sweden's largest elec- 
tro-chemical industry, which is to form a 
joint company together with the American 
group Union Carbide Corporation for 
the purpose. 


The aggregate investment of the three 
companies is estimated at close on 
Kr.200,000,000 (£13,800,000). Construc- 
tion is to start on a major scale next 
spring and the plants are scheduled to go 
into operation in the summer of 1963. It 
is understood that other processing com- 
panies may later join the scheme, since 
the productive capacity of the cracker 
permits of such an expansion. 

The steam cracker will produce ethyl- 
ene, propylene and butadiene gases which 
will be supplied to the manufacturing 
plants by a tube system. The new sub- 
sidiary formed by Fosfatbolaget and 
Union Carbide will produce polythene 
plastics, which will be used, among other 
things, for the manufacture of foils for 
the packaging industry. The capacity will 
be about 15,000 tons per annum in the 
initial stage. Fosfatbolaget already has a 
sizeable output of PVC and melamine 
plastics, 

Mo och Domsjo’s plant at Stenungsund 
will have an initial capacity of some 
10,000 tons of ethylene oxide a year. It 
constitutes the raw material for a number 
of products which, as hitherto, will be 
manufactured at the company’s chemical 
plant at Ornskoldsvik, North Sweden. 
These products include an anti-freeze and 
compounds for the manufacture of syn- 
thetic detergents. 


Platinum Refinery at Royston 

A complex system of unplasticised PVC 
fume extraction pipework, fabricated and 
installed by Extrudex Ltd. at the new 
Royston platinum refinery of Johnson 
Matthey & Co. Ltd., has now been work- 
ing satisfactorily for three years. The 
ductwork extracts from a succession of 
refining pans highly corrosive fumes 
which are carried away through PVC 
eliminator boxes and scrubbing towers, 
before release to the atmosphere. Pre- 
viously, the only possible material for 
such an installation would have been 


stoneware or glass and the availability 
of PVC pipework enabled this precious- 
metal refining plant to dispense with the 
problems of handling these materials. 





British Chemical Engineering 














BCE 8916 for further information 


For HIGH TEMPERATURE FLUID HEAT TRANSMISSION 
or DIRECT HEATING of PROCESS LIQUIDS 


either ORGANIC, INORGANIC, ACID OR ALKALI, any of which can contain SOLIDS 


BEVBREBY Seeele fue HEAT UNIT is the modern method 





@ Completely automatic — requires no supervision @ Fully modulating liquid or gas burners 

@ Rapid heat generation for starting = @ Low stack temperatures — High CO2 

@ Instantaneous shut down a @ Efficiencies of 85%, 

@ Simple — compact — transportable @ Low temperature gradient across liquid film 

@ No foundations are required @ Approved by Insurance Company 

@ Ideal for fire hazard areas . 3 @ Now being supplied to — Pharmaceutical — Heavy 

@ Long operational periods Chemical — Paint — Paper — Food & Tar Industries 
‘ @ No maintenance @ Capacities from } mill BThU/HR with 5.1 turndown 







Stationary and chassis mounted units 
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BEVERLEY CHEMICAL ENGINEERING Co. Ltd. 


Beverley House, London Road, Horsham, Sussex 
Tel.: Horsham 3211 


IMPORTANT ANNOUNCEMENT 
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CEDAR FALLS - IOWA, U.S.A. 


range in capacity from 2/3 to i050 
gallons per minute. 

More than 750 standard types are 

available and special models can be 


supplied to individual requirements. 
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Heavy Duty Pump 
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Benzole Hydrorefining Unit 

The new benzole refinery of Port Tal- 
bot Chemical Co. Ltd. started in produc- 
tion ahead of schedule early in October. 
Initial production indicates that qualities 
of products are well up to those antici- 
pated, and already a pure benzene of over 
5.40 crystallising point has been obtained, 
with a sulphur content of below 5 p.p.m. 
Toluene, xylene and naphthas are all of 
similar low sulphur content, exceptionally 
colour stable, and highly aromatic, The 
crude benzole and coke oven gas (which 
provides the source of hydrogen) are 
derived from the coke ovens of the Steel 
Company of Wales Ltd., and the plant is 
the first of its kind in this country to pro- 
duce pure benzene by hydrorefining. 

The hydrorefining unit was designed by 
Lurgi and erected by Simon-Carves, while 
the distillation equipment has been sup- 
plied by R. & J. Dempster Ltd. in con- 
junction with Lurgi and Port Talbot 
Chemical Co. Ltd. 


Water for Abu Dahbi 

Pioneers of the vacuum flash evapora- 
tor in Britain, Richardsons Westgarth & 
Co. Ltd., have just dispatched to the 
Sheikdom of Abu Dahbi, on the Trucial 
coast, a plant believed to be the first of 
its kind 

This is a fully self-contained sea-water 
evaporator which will produce 14,400 
gallons of drinking water a day. At the 
moment, the only supply of drinking 
water in Abu Dahbi is brought in by 
dhow at considerable expense. 

Self-contained plants can be built of 
any size which can be handled as a unit 
to operate on any normal fuel. 

In addition, the plant can be arranged, 
as this one is, to produce electric power 
to drive ancillary equipment such as fuel 
pumps, sea-water pumps, brine circulat- 
ing pumps, etc 


Service for Exporters 

To relieve the U.K. exporter of the 
legal, financial and shipping problems of 
supplying equipment abroad is the func- 
tion of Conforex Ltd., a newly formed 
company. It has been formed to handle 
export problems such as_ consortium 
management, drafting of contracts, 
finance, E.C.G.D. cover, forwarding and 
shipping. Conforex aims primarily at 
providing management and _ exporting 
facilities for engineering consortia partici- 
pating in large projects, but may also be 
of service to large and small companies. 
Full details from Conforex Ltd., 2 Princes 
Row, London, S.W.1. 


QVF Form Canadian Company 


Sales of British industrial glass in 
Canada have developed to such an extent 
that a Canadian subsidiary of the British 
industrial glass firm, QVF Ltd., has been 
formed in Ontario, It will be known as 
QVF Glass (Canada) Ltd. Distributors 
have been organised throughout the pro- 
vinces of Canada and a very healthy 
stock position created in the Toronto 


area 


68 


New Projects and Contracts in Brief 


A polyurethane internal lining is to be 
used in two 30-in.-diameter steel water 
mains to be laid under the sea bed. They 
will carry filtered water a distance of 8 
miles from Lantao Islands to Hong Kong 
Island as part of the Government's Skek 
Pik Water Scheme. Messrs. Spencer & 
Partners, specialists on corrosion prob- 
lems, have advised the consulting 
engineers, Messrs. Binney, Deacon & 
Gourley, to use a Prodor-film lining to 
be supplied by Prodorite Ltd. This film is 
built up of a series of multi-layers which 
are spray-applied to the shot-blasted pipe. 
It cures at room temperature to give a 
hard, completely non-tainting, chemical- 
resistant lining, equal to the best obtained 
with high-temperature stoved linings. The 
surface area to be covered is approx. 
700,000 sq. ft. 


Two of Britain’s largest companies— 
L.C.I. Ltd. and the British Petroleum Co. 
Ltd.—are to build large plants in Northern 
Ireland in the near future. 

L.C.I. have bought a 200-acre site at 
Kilroot, near Carrackfergus, Co. Antrim, 
for a factory for the production of tery- 
lene and possibly other man-made fibres, 
and B.P. intend to build an £8 million oil 
refinery at Sydenham, between Belfast 
and Holywood, Co. Down. 

L.C.1. will start building at Kilroot early 
next year, with a view to going into pro- 
duction in 1963, and work on the B.P. 
refinery, expected to be completed in two 
years, will also commence in 1961. The 
refinery will have a capacity of 1.3 million 
tons of crude oil a year and will produce 
petrol, kerosene, aviation turbine fuels, 
light and heavy diesel oils, fuel oil and 
liquefied petroleum gas. 


A complete gas cleaning plant is to 
be supplied by Chemical Construction 
(G.B.) Ltd. to Gutehoffnungshutte (GHH), 
to be used in conjunction with the oxygen 
steel-making rotor furnace GHH are 
supplying to Richard Thomas & Baldwins 
at their Redbourne works in Scunthorpe, 
Lincs. This project will be the first appli- 
cation of the Chemico P-A_ venturi 
scrubber in the United Kingdom for the 
elimination of iron oxide fumes from an 
oxygen steel-making plant. 

The gas cleaning plant will handle 
106,000 cfm of saturated gas and includes 
a filtration plant for the removal of solids 
from the scrubbing water. It is expected 
the installation will be in operation early 
in 1961. 


The Kestner Evaporator & Engineering 
Co. Ltd., London, have recently received 
an order for two evaporators for concen- 
trating an acid electrolyte liquor. These 
evaporators will form part of a complete 
installation for the continuous production 
of tinned steel strip, ordered from and 
engineered by The Head Wrightson 
Machine Co. Ltd. The evaporators are of 
the single-effect climbing-film type, work- 
ing under vacuum and are of Monel metal 
construction. The plant will be installed 
at the Ebbw Vale works of Richard 
Thomas & Baldwins Ltd., and is due for 
starting up during 1961. 


Forth Chemicals Ltd. are to build a 
new 50,000 tons p.a. styrene monomer 
plant between Neath and Port Talbot, 
South Wales, at a cost of more than 
£3 million. 

The new plant will be located next to 
the site selected by British Hydrocarbon 
Chemicals Ltd. for its own recently 
announced expansion plans, near B.P.’s 
Llandarcy refinery. Design and engineer- 
ing of the new Forth plant will be carried 
out by Monsanto Chemicals Ltd., and 
the plant is expected to take approxi- 
mately two years to come into operation. 

Forth is the largest British manufac- 
turer of styrene monomer. Its Grange- 
mouth plant, built in 1953, has been twice 
expanded, and a third expansion currently 
approaching completion will bring total 
production there to 50,000 tons a year. 
The completion of the new Welsh plant 
will consequently bring Forth’s total pro- 
duction to 100,000 tons a year. 

Ethylene for the new plant will be pro- 
vided by British Hydrocarbon Chemicals 
and benzene will be purchased from out- 
side sources. 


Marchon Products Ltd. announce the 
construction of a plant to manufacture 
sulphamic acid (amido sulphonic acid) 
with a capacity more than sufficient to 
meet the whole of the United Kingdom's 
known requirements. The plant will be at 
the company’s Whitehaven factory. The 
manufacture of ammonium sulphamate is 
also contemplated. Sales of both materials 
will be in the hands of Albright & Wilson 
(Mfg.) Ltd. 


A sea water distillation plant capable 
of producing 120,000 gallons of fresh 
water daily has been ordered from G. & 
J. Weir Ltd, of Glasgow. The plant is to 
be installed at Luderitz, South West 
Africa, and will be similar to the one 
recently installed in Guernsey. The instal- 
lation will operate in conjunction with an 
existing electricity generating station, and 
will use bled steam from the main tur- 
bines as the heating medium. 


A new chemical plant. to be known as 
the manufacturing unit of Nalco de 
Mexico, S.A., de C.V., is to be built 
at Saltillo, Mexico. It will house equip- 
ment to manufacture liquid, pellet and 
pulverised chemicals and should be com- 
pleted by February 1961. The parent com- 
pany is Nalco Chemical Co., of Chicago, 
Illinois. 


Union Carbide do Brazil S.A. are to 
increase the capacity of their polyethylene 
plant, located near Santos, Brazil, from 
9 million lb/yr to 24 million Ib/yr. Design 
and engineering work for the plant exten- 
sion have been completed and construc- 
tion will start immediately. 


Chemical Construction (G.B.) Ltd. is to 
supply a P-A venturi and cyclonic gas 
scrubber to Glass Bulbs Ltd. It will handle 
approximately 6000 cfm of saturated gas 
containing hydrofluoric acid fume. The 
installation will be at their Harworth 
works near Doncaster. 
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